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lowers progestin where 
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THE NATURE OF 


"1/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethinyl estradiol. Data available trom 
Syntex Laboratories, inc 

**Based on a nationwide, independently conducted survey of prospective oral contraceptive patients 
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Serious as well as minor side effects have been reported following the use of all oral contraceptives 
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on next page 
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~ A Standard in Progesterone Therapy — 


Prove 


10MG 
TABLETS 





medroxyprogesterone acetate 


WARNING 

THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 

FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED. 
Progestational agents have been used beginning with the first 
__ trimester of pregnancy in an attempt to prevent habitual abortion or 
__ treat threatened abortion. There is no adequate evidence that such 
use is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
to influence. In addition, the use of progestational agents, with their 
uterine-relaxant properties, in patients with fertilized defective ova may 
Cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 
Several reports suggest an association between intrauterine expo- 
-Sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study 
estimated a 4.7-fold increased risk of limb reduction defects in infants 
exposed in utero to sex hormones (oral contraceptives, hormone with- 
drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 
if the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 

the potential risks to the fetus. 
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INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic pathology such as fibroids or 
uterine cancer. 

CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders, cere- 
bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
tion or disease. Known or suspected malignancy of breast or genital organs. 

Undiagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
progesterone acetate. As a diagnostic test to pregnancy. 

‘WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 

treated with medroxyprogesterone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in contro! 
animals, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
has not been established. 3. Discontinue medication pending examination if 
there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
or migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
tion. 4. Detectable amounts of progestin have been identified in the milk of 
mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (see Warning box). 
6. Three major studies in Great Britain and one in this country have shown a 
statistically significant association between thrombophlebitis, pulmonary embo- 
lism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
has been estimated that users are several times as likely to undergo thrombo- 
embolic disease without evident cause as nonusers. The American study indi- 
cated that the risk did not persist after discontinuation, and it was not enhancea 
by long-continued administration. 

PRECAUTIONS: A pretreatment physical exam should include special reter- 
ence to breast and pelvic organs and a Papanicolaou smear. This drug may 
cause fluid retention; therefore, carefully observe patients with conditions influ- 


enced by fluid retention such as epilepsy, migraine, asthma, and cardiac or 
renal dysfunction. in irregular bleeding per vaginum, bear in mind nonfunc- 
tional causes and perform adequate diagnostic measures. Advise pathologist 
of therapy when submitting relevant specimens. Carefully observe patients with 
history of psychic depression and discontinue drug if serious depression 
recurs, Any possible influence of prolonged therapy on pituitary, ovarian, adrenal, 
hepatic, or uterine function awaits further study. Decreased glucose tolerance 
has been observed in a small percentage of patients on estrogen-progestin 
combinations; therefore, carefully observe diabetic patients receiving progestin 
therapy. Age constitutes no absolute limiting factor, although onset of climacteric 
may be masked. Because of the occasional occurrence of thrombotic disorders 
(thrombophlebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- 
cular disorders) in patients taking estrogen-progestin combinations and since 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient Information for complete prescribing 
information.) 

ADVERSE REACTIONS: Pregnancy: (see Warning box); Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patents; Thromboembolic Phenomena including thrombo- 
phlebitis and pulmonary embolism. 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleeding; 
spotting; change in menstrual flow; amenorrhea; edema; change in weight; 
changes in cervical erosion and secretions; cholestatic jaundice; rash (allergic) 
with and without pruritus; mental depression; anaphylaxis and anaphylactoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A Statistically significant association has been demonstraled between use of 
estrogen-proges'in combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 

Although available evidence ts suggestive, a relationship has been neither 
confirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, e.g. retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; back- 
ache; hirsutism; loss of scalp hair; erythema multiforme; erythema nodosum; 
hemorrhagic eruption; and itching Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
VII, Vill, X and X); metyrapone test; pregnanediol determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T? uptake values). 


Caution: Federal law prohibits dispensing without prescription. 
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Mycelex-G 500 
(Clotrimazole) Vaginal Tablet 


INDICATIONS: Myceiex®-G 500 mg Vaginal Tablets are indicated for the local 
treatment of vulvovaginal candidiasis when one day therapy is left warranted in 
the case of severe vulvovaginitis due to candidiasis, longer antimycotic therapy 15 
recommended. The diagnosis should be confirmed by KOH smears and/or cul 
tures. Other pathogens commonly associated with vulvovaginitis. Inchamonas 
and Gardnerelig (Haemophilus) vaginalis, should be ruled out by appropriate labo- 
ratory methods 
CONTRAINDICATIONS: Mycelex*-G 500 mg Vaginal Tablets are contraindicated in 
women who have shown hypersensitivity to any components of the preparation 
WARNINGS: None 
PRECAUTIONS: if there is a lack of response to Mycelex”-G S00 mg Vaginal 
Tablets, appropriate microbiological studies should be repeated to confirm the 
diagnosis and rule out other pathogens before instituting another course of anti- 
mycotic therapy 
CARCINOGENESIS: No long term studies in animals have been performed to eval 
uate the carcinogenic potential of Myceiex®-G 500 mg Vaginal Tablets intravagi- 
nally. A long term study in rats (Wistar strains) where clotrimazole was 
administered orally provided no indication of carcinogenicity 
USAGE IN PREGNANCY: PREGNANCY CATEGORY B: The disposition of 
4C-clotrimazole has been studied in humans and animals. Clotrimazole 1s poorty 
absorbed following intravaginal administration 10 humans, whereas it is rather 
well absorbed after ora! administration 

In clinical trials. use of vaginally applied clotrmazole in pregnant women m 
their second and third trimesters has not been associated with ill effects. There 
are, however, no adequate and well-controlled studies in pregnant women during 
the first trimester of pregnancy 

Studies in pregnant rats given repeated intravaginal doses up to 100 mg/kg day 
have revealed no evidence of harm to the fetus due to clotrimazole 

Repeated high oral doses of clotrimazole in rats and muce ranging trom 50 to 
120 mg/kg resulted in embryotoxicity (possibly secondary to maternal toxicity) 
impairment of mating, decreased litter sive and number of viable young and 
decreased pup Survival to weaning However, clotrimazole was nol teratogenic in 
mice, rabbits and rats at oral doses up to 200, 180 and 100 mg kg, respectively 
Oral absorption in the rat amounts to approximately 90% of the administered 
dose 

Because animal reproduction studies are no! always predictive of human 
response, this drug should be used only if clearly indicated during the first 
trimester of pregnancy 
ADVERSE REACTIONS: Of 297 patients in double-blind studies with the 500 mg 
vaginal tablet. 3 of 149 patents treated with active drug and 3 of 148 pahents 
treated with placebo reported complaints during therapy that were possibly drug 
related. in the active drug group, vomiting occurred in one patent, vaginal sore 
ness with coitus in another, and complaints of vagina! writahon. itching. burning 
and dyspareunia in the third patient. In the placebo group, clitoral irritation 
occurred in one patient and dysuria, described as remotely reiated to drug. in the 
other, A third patient in the placebo group developed bacteria! vaguits which the 
investigator classed aS possibly retated to drug 

Eighteen (1.6%) of the 1116 patients treated with Mycelex*-G in other 
formulations in double-blind studies reported complaints during therapy that were 
possibly drug-related. Mild burning occurred in six patients while other com 
plaints such as skin rash. itching, vulval irritation. lower abdominal cramps and 
bloating, slight cramping, sight urinary frequency, and Durning of imitation in the 
sexual partner. occurred rarely 
OVERDOSAGE: No data avaniable 
DRUG ABUSE AND DEPENDENCE: Drug abuse and dependence with Mycelex-G 
500 mg Vaginal Tablets has not been reported 
DOSAGE AND ADMINISTRATION: The recommended dose ıs one tablet inserted 
intravaginally one time only, preferably at bedtime in the event of treatment tait- 
ure, that is, persistence of signs and symptoms of vaginitis after fve days, other 
pathogens commoniy responsible tor vaginitis should be ruled out before institut- 
ing another course of antimycotic therapy 
HOW SUPPLIED: Mycelex*-G 500 mg Vaginal Tabiets are white, bullet shaped 
uncoated tablets. coded with Miles on one side and 097 on the other, supplied as 
2 single 500 mg tablet with plasix applicator and pabent instructions 


Store Below 30°C (86°F). 
Miles Pharmaceuticals MILES 
Division of Miles Laboratones. Inc Soo RE 


West Haven. Connecticut 06516 USA Miles Pharmaceuticals 
M5301 
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COMPREHENSIVE 
GYNECOLOGY 


By William Droegemueller, M.D.; Arthur L. Herbst, 
M.D.; Daniel R. Mishell, Jr., M.D.; and Morton A. Sten- 
chever, M.D. 

innovative enough to emphasize the psychosocial 
treatment of your patient, with the expertise to cover a 
full range of diseases and physical problems — this 
combination brings you the first, all new comprehen- 
sive gynecology text in years! Comprehensive discus- 
sions on: 

e the most current treatments available 

psychosocial approaches to the troubled patient 
family planning and pregnancy termination 

breast disease and sexually transmitted diseases, in- 
cluding AIDS in women 

e rape, incest and other physical abuse 

The Key Terms and Definitions that begin each chapter 
and the synopsis of Key Points at the end provide a 
quick review. Sophisticated graphics highlight pertinent 
data. Written by four well-known specialists who share 
their experience and expertise, COMPREHENSIVE 
GYNECOLOGY presents state-of-the-art information 
you'll refer to again and again. 

July, 1987. Approx. 1,000 pages with 800 illustrations. 
(Book Code: 01929) About $60.00 (U.S.); $82.95 (Can.) 


In a hurry to order? 

Call FREE 800-221-7700, ext. 15A. tie af 
Our hotline is open 24 hours a day, 7 days a 

week. In Canada call 416-298-1588. MOSBY 
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title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it is 
a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the 
name of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
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rationale for the study and cite only the most pertinent 
references as background. 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations to those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 
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reports and brief communications, limited to 2, and Cur- 
rent Development, for which there is no limit. Number 
references consecutively in the order in which they are 
mentioned in the text. Use the format of the “Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals.” Journal titles should conform to abbreviations 
used in Cumulated Index Medicus. 

Illustrations and tables. A reasonable number of half- 
tone and line illustrations will be reproduced without 
charge, but special arrangements must be made with the 
Editors for color reproduction. For color photographs, 
submit original transparencies and two sets of unmounted 
prints on glossy paper with good color balance. For black 
and white illustrations, submit three sets of 3 by 4 inch 
(minimum) to 5 by 7 inch (maximum) unmounted glossy 
photographic prints. Figures must be cited consecutively in 
the text in Arabic numerals and identified thusly on the 
back of the print (gummed label with author(s) name(s), 
title of article, number, and top marked clearly). Do not 
use paper clips. Legends must accompany all figures; type 
double spaced on a single sheet of paper if possible and 
number with manuscript in sequence after the references. 
Titles should be included in the legend, not on the print. 

All lettering must be done with commercially available 
paste-on letters (or numbers) or by a professional; typed or 
freehand lettering is not acceptable. All lettering must be 
in proportion to the drawing, graph, or photograph. Origi- 
nal drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted as 
glossy photographic prints with good black and white 
contrast. Consistency in size within the article is strongly 
preferred. Any special instructions regarding sizing should 
be clearly noted. Illustrations will be returned only on the 
author’s request. 

Tables should be typed on separate sheets of paper and 
included at the end of the text, one to a page. They should 
be numbered in Roman numerals. Each table must be cited 
in sequence at an appropriate point in the text. Captions 
should be brief yet indicate clearly the purpose or content 


Estimating length of manuscript 
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accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200 word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 
legends, and references makes a 5.7 page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double spaced with the required 1 inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 typed words in manuscript. Thus if a 
greater number of illustrations and tables are used, the length of the text should be adjusted 
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of each table and each_column precisely defined by 
headings. Abbreviations and special designations should be 
explained in a footnote to the table. Special arrangements 
must be made with the Editors for elaborate tables because 
of space limitations. 

Illustrations and tables should supplement, not dupli- 
cate, the text; presentation in either one or the other will 
suffice. 
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lished tables and figures must be correctly referenced and 
written permission from the copyright holder included with 
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be accompanied by signed releases or else all recognizable 
features masked. 
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letters is limited, only a selection of letters submitted may 
be published. (2) A brief case presentation or a short report 
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An efficient 
pharmacokinetic 
profile 


The unique pharmacokinetic 
characteristics of levonorgestrel 
are of increasing interest as total 
hormonal dosages are reduced to 
the threshold of effectiveness. 


No appreciable 
first-pass effect 


Unlike other contraceptive ste- 
roids, which are partially metab- 
olized by the liver and/or gut 
wall (first-pass effect) before 
entering systemic circulation, 
levonorgestrel is not subject to 
any significant degree of first- 
pass effect.’ 


Typical levonorgestrel plasma levels achieved 
following oral (—) and IV (---) administration 
of 30 pg demonstrate its freedom from first- 
pass effect. (Adapted from Hampel.') 


The NORDETTE* symbol is a stylized diagram 
of the IV and oral plasma level curves for 
levonorgestrel. The curves demonstrate that 
levonorgestrel is virtually as bioavailable orally 
as it is intravenously, 








Virtually 
100% bioavailable 


As a result, levonorgestrel is 
rapidly and virtually entirely bio- 
available after oral administra- 
tion." Total dose available 

can be expected to have little 
variation. 


STEROID FIRST-PASS BIOAVAIL- 
EFFECT ABILITY 
(P.O.) 
ETHINYL 58% 42% 
ESTRADIOL? (Range: (Range: 
52-62%) 38-48%) 
«| NORETHIN- 36% 64% 
- DRONE? (Range: (Range: 
27-53%) 47-73%) 
LEVONOR- VIRTUALLY VIRTUALLY 
GESTREL' NONE 100% 


Expected bioavailability of commonly used 
contraceptive steroids. 


Extended maintenance 


of progestogen presence 
With its prolonged half-life, levo- 
norgestrel persists in the plasma 
for an extended period. More- 
over, there is no clinically 
significant accumulation during 
repeated administration. 


DRUG PERSISTENCE 
(AS MEASURED 
BY MEAN 
ELIMINATION 
STEROID HALF-LIFE) 
NORETHINDRONE 7.5 hours ° 
LEVONORGESTREL 11.4 hours? 
ETHINYLESTRADIOL 10.0 hours * 


And the clinical 
performance 
to back it up 


Levonorgestrel has established 
an impressive clinical record 
when used in combination with 
low doses of ethinyl estradiol in 
thousands of healthy young 
women. 


High efficacy at 
an ultra low 


In clinical use, low-estrogen OCs 
employing levonorgestrel such as 
NORDETTE*® (each tablet con- 
tains 0.15 mg levonorgestrel with 
0.03 mg ethinyl estradiol, Wyeth) 
have consistently demonstrated 
high efficacy and excellent cycle 
control. 


Low incidence of 
common OC side effects* 


In clinical studies involving 
15,207 cycles of experience in 
more than 1,100 women, the 
levonorgestrel-containing formu- 
lation NORDETTE established 
this impressive record of patient 
acceptance and minimal cycle 
disturbance. 


6.6% SPOTTING 


5.2% BREAKTHROUGH BLEEDING 






1.9% AMENORRHEA (absence of bleeding 
in the 7-day pill-free interval) 


0% % Total Cycles 


100% 


Ultra Low Dose 


Minimal impact on 
blood lipid levels 


Four independent investiga- 
tions,” ranging from 3 to 12 
months, offer thorough informa- 
tion on the long-term effect of 
NORDETTE on important lipid 
parameters. These controlled 
studies demonstrate the minimal 
impact NORDETTE has on total 
cholesterol, HDL cholesterol and 
LDL cholesterol. Some studies 
did not show a significant 
increase in triglycerides, while 
others did. No other OC in its 
class provides more comprehen- 
sive data. 


CHOLESTEROL 
TRIGLYCERIDES 


CHOLESTEROL 


INVESTIGATOR 





— —— 


que No Significant 
=m Change 


, Increased O Tested 


*Serious as well as minor adverse reactions 
have been reported following the use of all 
oral contraceptives. 
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WITH LEVONORGESTREL... 
THE VIRTUALLY 100% BIOAVAILABLE PROGESTOGEN 


IN BRIEF: 
and Usage —NORDETTE* is indicated for the prevention of 
in women who elect to use oral contraceptives (OC's) as a 
me contraception 
3 —OC’s should not be used in women with any of the 
rs Apt ary of —— 
y + or e 
bolic disorders. 3. Cerebral-vascular or coronary-artery disease 
4. Known or su carcinoma of the breast. 5. Known or suspected 
pay ge ent neoplasia. 6. Undiagnosed abnormal genital bleed- 
ing. 7. Known or suspected pregnancy (see Warning No 5) 8 Benign 
or malignant liver tumor which developed during use of OC's or other 


— aaaea products 


smoking increases the risk of serious cardiovascular 
effects from oral use. This risk increases with 






——— strongly 3 
The use of oral contraceptives is associated with increased risk of 
several serious conditions, including thromboembolism. stroke, 
myocardial infarction, hepatic adenoma, gallbladder disease. 
hypertension. Practitioners prescribing oral contraceptives should 
be familiar with the following information relating to fisks, 


1. Thromboembolic Disorders and Other Vascular Probiems—An 
increased risk of thromboembolic and thrombotic disease associated 
with use of OC's is well established, Three principal studies in Great 
Britain and in the U.S. have demonstrated increased risk of tatal and 
nontata!l venous thromboembolism and stroke, both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times 
more likely than nonusers to develop these diseases without evident 


cause. 
CEREBROVASCULAR DISORDERS —In a collaborative American study 
of cerebrovascular disorders in women with and without predisposing 
causes, it was estimated that the risk of hemorrhagic stroke was 
2.0 times greater in users than nonusers and the risk of thrombotic 
stroke was 4 to 9.5 times greater in users than in nonusers 
MYOCARDIAL INFARCTION (M1)—An increased risk of MI associated 
with the use of OC's has been reported, contirming a previously sus- 
pected association. These studies. conducted in the UK, found, as 
, that the greater the number of underlying risk factors for 

—— disease (cigarette smoking, hypertension, hypercholes- 
ter . obesity, diabetes, history of pre-ec c toxemia) the 
higher the risk of developing MI. regardiess of whether the patient was 
an OC user or not. OC's, however, were found to be a clear additional 
risk factor. In terms of relative risk, it has been estimated that OC users 
who do not smoke (smoking is considered a major predisposing condi- 
tion to Mi) are about twice as likely to have a fatal MI as nonusers who 
do not smoke. OC users who are also smokers have about a 5-fold 
increased risk of fatal MI compared to users who do not smoke, but 
about a 10- to 12-fold increased risk compared to nonusers who do not 
smoke. Furthermore, amount of smoking is also an important factor. In 
determining importance of these relative risks, however, baseline rates 
for various age groups must be given serious consideration. Importance 
of other ey conditions mentioned above in determining reta- 
tive and absolute risks has not as yet been quantified, quite likely the 
same rene action exists, but perhaps to a lesser extent 
RISK OF DOSE—In an analysis of data derived from several national 
adverse-reaction —— — British investigators concluded 
that risk of thromboembolism, including coronary thrombosis, i$ 
directly related to dose of estrogen in OC's. Preparations containing 
100 of more of estrogen were associated with higher risk of throm- 
boembolism than those containing 50-80 mcg Their analysis did Sug- 

st, however, that quantity of estrogen may not be the sole factor 

volved. This ore has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A 
large prospective study carried out in the UK estimated the mortality 
rate per 100,000 women per year from diseases of the circulatory Sys- 
tem for users and nonusers of OC's according to age. smoking habits, 
and duration of use. Overall excess death rate annuaily from circulatory 
diseases for OC users was estimated to be 20 per 100.000 ages 15- 
34—5/100,000; ages 35-44—33/100,000; ages 45-49—140/100,000). 
risk being concentrated in older women, in those with long duration of 
use and in cigarette smokers. It was not possible, however, to examine 
interretationships of age. smoking, and duration of use. nor to compare 
effects of continuous vs. intermittent use Although the study snowed a 
10-fold increase in death due to circulatory diseases in users for 5 or 
more years, all these deaths occurred in women 35 or older Until larger 
numbers of women under 35 with continuous use for 5 or more years 
are available, it is not possible to assess magnitude of relative risk for 
this aor ag group. Available data trom a variety of sources have been 
a estimate risk of death associated with various methods of 
con . Estimates of risk of death for each method include com- 
bined risk of contraceptive method (e.g. thromboembolic and throm- 
botic disease in the case of OC's) pius risk attributable to pregnancy or 
abortion in event of method failure. This latter risk varies with effective- 
ness of method. The study concluded that mortality associated with ail 
methods of birth control is low and below that associated with child- 
birth, with the exception of OC's in women over 40 who smoke Lowest 
mortality is associated with condom or diaphragm backed up by early 
abortion. Risk of thromboembolic and thro c disease associated 
with OC's increases with age after about 30 and, tor MI, Is further 
increased by h nsion, hypercholesterolemia, obesity, diabetes, of 
history of pre-eclamptic toxemia, and especially cigarette smoking 
Physician and patient should be alert to earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis. pul- 
monary embolism. cerebrovascular insufficiency, coronary occlusion 
retinal thrombosis, and mesenteric thrombosis) Should any of these 
occur or be suspected, the drug should be discontinued immediately A 
å- to 6-fold increased risk of postsurgery thromboembolic complica- 
tions has been reported in OC users. If feasible, OC's should be discon- 
tinued at least 4 weeks before surgery of a type associated with 
increased risk of thromboembolism or pro immobilization 
PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one 
Study in Britain involving cerebrovascular disease and another in the 
U.S. concerning MI suggest an increased risk of these conditions in 
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users of OC's persists after discontinuation of the OC's. In the British 
study, risk of cerebrovascular disease remained elevated in former OC 
users for at least 6 yeas after discontinuation. In the U.S. study, 
increased risk of MI persisted for at least 9 years in women 40 to 49 
years old who had used OC's for 5 or more years, Findings in both 
Studies require confirmation since they are inconsistent with other pub- 
lished information. 


2. Ocular Lesions—There have been reports of neuro-ocular lesions 
such as optic neuritis or retinal thrombosis associated with use of OC's 
Discontinue OC's if there is unexplained, sudden or gradual, partial or 
complete loss of vision, onset of proptosis or diplopia. papilledema, or 
retinal-vascular lesions. and institute appropriate diagnostic and thera- 
peutic measures. 


3. Carcinoma—Long-term continuous administration of either natural or 
tic estrogen in certain animal species increases trequency of car- 

cinoma of the breast, cervix, vagina, and liver. Certain synthetic proges- 
togens, none currently contained in OC's, have noted to increase 
incidence of mammary nodules. benign and malignant, in dogs. In 
humans. 3 case-control studies have reported an increased risk of 
endometrial carcinoma associated with prolonged use of exogenous 
estrogen in postmenopausal women One publication reported on the 
first 21 cases submitted by physicians to a registry of cases of adeno- 
carcinoma of the endometrium in women under 40 on OC's. Of cases 
found in women without predisposing risk factors (e.9., irregular bleed- 
ing at the time OC's were first given, polycystic ovares). nearly all 
occurred in women who had used a sequential! OC These are no longer 
marketed. No evidence has been reported suggesting increased risk ol 
endometrial cancer in users of conventional combination or progesto- 
gen-only OC's. Several studies nave found no increase in breast cancer 
in women taking OC's or estrogens. One study, however, while also 
noting no overall increased risk of breast cancer in women on OC's, 
found an excess risk in subgroups of OC users with documented benign 
breast disease Reduced occurrence of benign breast tumors in users of 
OC's has been well documented. in summary, there ts at present no 
confirmed evidence trom human studies of increased risk of cancer 
associated with OC's. Close clinical surveillance of all women on OC's 
iS, nevertheless. essential in all cases of undiagnosed persistent or 
recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family 
history of breast cancer or with Dreast nodules, fibrocystic disease. or 
abnormal ma rams should be monitored with particular care if 

elect to use OU's. 
4 tic Tumors—Benign hepatic adenomas have been found to be 
associated with use of OC's. One study showed that OC's with high 
hormonal potency were associated with higher risk than lower potency 
OC's mabe a benign, hepatic adenomas may rupture and may cause 
death through intra-abdominal hemorrhage This has been reported in 
Short-term as well as -term users. Two studies relate risk with 
duration of use of OC's, the risk being much greater after 4 or more 
years’ use While hepatic adenoma 15 rare. it should be considered in 
women | 2 abdominal pain and tenderness. abdominal mass or 
shock. A tew cases of hepatocellular carcinoma have been reported in 
women on OC's. Relationship of these drugs to this *ype of malignancy 
iS Not known 
5. Use in or Immediately Preceding Pregnancy. Birth Detects in Oft- 
Spring, and —s in Female Oftspring—Use of female sex hor- 
mones—both estrogenic and progestationa! agents—during early preg- 
—2— seriously damage the offspring It has been shown that 
females exposed in utero to diethyistilbestro!, a nonsteroidal estrogen 
have increased risk of developing in later life a form of vaginal or cervi- 
cal cancer ordinarily extremely rare This risk has been estimated to be 
of the order of 1 in 1.000 exposures or less. Although there is no 
evidence now that OC's further enhance risk of developing this type of 
malignancy, such patients should be monitored with particular care if 
they elect to use OC's. Furthermore, 30 to 90% of such exposed women 
have been found to have epithelial changes of the vagina and cervix 
Although these changes are histologica mis itis not known 
whether this condition is a precursor of vaginal malignancy. Male chil- 
dren so exposed may develop abnormalities of the urogenital tract 
Although similar data are not available with use of other estrogens. it 
cannot be presumed they would not induce similar chan f 
increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with use of sex hormones, including OC's, 
in pe pegs One case-control study estimated a 4 7-fold increase in 
risk of limb-reduction defects in intants exposed in utero to Sex hor- 
mones (OC's. hormonal withdrawal tests for pregnancy, or attempted 
treatment for threatened abortion) Some exposures involved only a tew 
days. Data suggest that risk of limb-reduction defects in exposed 
fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to 
treat threatened or habitual abortion There s considerable evidence 
that est are inettective for these indications, and there is no 
evidence from well-controlled studies that progestogens are ettec- 
tive There is some evidence that triploidy and possibly other types of 
polyploidy are increased * abortuses from women who me 
pregnant soon after ceasing OC's. Embryos with these anomalies are 
virtually always aborted spontaneously. Whether there is an overall 
increase in spontaneous abortion of pregnancies conceived soon after 
stopping OC's is unknown. It is recommended that, for any patient who 
has missed 2 consecutive periods, pregnancy should be ruled out 
before continuing OC's. If the patient has not adhered to the prescribed 
schedule, the possibility of pregnancy should be considered at time of 
first missed period, and turther use of OC's should be withheld until 
pregnancy has been ruled out. It pregnancy is confirmed, the patient 
should be apprised of the potential risks to the fetus. and advisability of 
continuation of the nicy should be discussed. Itis also recom- 
mended that women discontinue OC's with intent of becoming 
ca use an alternate form of contraception tor a period of time 

re attempting to conceive. Many clinicians recommend 3 months, 
although no precise information is available on which to base this. The 
admimstration of progestogen-estrogen combinations to induce with- 
drawal bleeding should not be used as a test of pregnancy 
6. Gallbladder Disease—Studies report increased risk of surgically con- 
firmed gallbladder disease in users of OC's and estrogens. In one study, 
increased risk appeared after 2 years’ use and doubled after 4 or 5 
vai use. in one of the other studies. increased risk was apparent 

tween 6 and 12 months’ use 

7. Carbohydrate and Lipid Metabolic Effects—Dectease in glucose toler- 
ance has been observed in a significant percentage of patients on OC's 
For this reason, prediabetic and diabetic patients should be carefully 
observed while on OC's. Increases in triglycerides and total phospho- 
lipids have been observed in patients on OC's . Clinical significance of 
this finding remains to be defined 
B. Elevated Blood Pressure—increase in blood pressure has been 
reported in patients on OC's. In some women. hypertension may occur 
within a few months of beginning OC's. In the tst year of use, preva- 
lence of women with ension ts low in users and may be no higher 
than that of a comparable group of nonusers. Prevalence in users 
increases, however, with longer exposure. and in the 5th year of use is 
2\ to 3 times the reported prevalence in the 1st year. Age is also 
strongly correlated with development of hypertension in OC users 
Women who previously have had hypertension during Lab sage may 
be more likely to develop elevation of blood pressure on OC's. Hyper- 


tension that develops as a result of taking OC's usually returns to nor- 
mal after discontinuing the * 
9. Headache—Onset or exacerbation of migraine or development of 
headache of a new pattern which is recurrent, persistent, or severe. 
requires discontinuation of OC's and evaluation of the cause 
10. Bleeding | larities—Breakthrough bleeding, spotting, and 
amenorrhea are frequent reasons for patients discontinuing OC's. In 
breakthrough bleeding, as in all cases of irregular vaginal Dieeding, 
nonfunctional causes should be borne in mind In undiagnosed persist- 
ent or recurrent abnormal bleeding from the vagina, adequate diagnos- 
tic measures are indicated to ruie Out pregnancy or malignancy, If 

ology has been exciuded. time or change to another OC may solve 
he problem. Changing to an OC with a higher estrogen content. while 
potentially useful in minimizing menstrual irregularity, should be done 
only if necessary, since this may increase the risk of thromboembolic 
disease Women with a past history of oligomenorrhea or secondary 
amenorrhea or young women without regular cycles may have a tend- 
ency to remain anovuiatory or to become amenorrheic after discontinu- 
ing OC's. Women with these preexisting problems should be advised of 
this possibility and encouraged to use other methods. Post-use anovu- 
lation. possibly prolonged, may also occur in women without previous 
irreguiarities 
11, Ectopic Pregnancy—Ectopic as well as intrautenne pregnancy may 
occur in contraceptive failures 
12. Breast-feeding—OC's given in the postpartum period may intertere 
with lactation and decrease quantity and quality of breast milk. Further- 
more, a small fraction of the hormones in OC's has been identified in 
the milk of mothers on OC's, effects. if any, on the breast-fed child have 
not been determined. It feasible, deter OC's until intant has been 
weaned 
Precautions—GENERAL—1 A complete medical and family history 
should be taken pror to initiation of OC's. Pretreatment and periodic 
physical examinations should include special reference to blood pres- 
Sure, breasts. abdomen and pelvic organs. including Pap smear and 
relevant laboratory tests. As a general rule, OC's should not be pre- 
scribed tor longer than 1 year without another physical examination 
2. Under influence of estrogen-progestogen preparations, preexisting 
uterine leiomyomata may increase in size 
3. Patients with history of psychic — should be caretully 
observed and the drug discontinued ı ression recurs tò a serious 
degree Patients becoming significantly depressed while on OC's should 
stop OC's and use an alternate method to try to determine whether the 
symptom is drug-related 
4. OC's may cause some degree of fluid retention. They should be pre- 
scribed with caution. and ony with careful monitoring. in patents with 
conditions which might be aggravated by fluid retention, such as con- 
vulsive disorders. migraine syndrome, asthma, of cardiac or renal 
insufficency 
5 Patients with a past history of jaundice during pregnancy have an 
increased risk of recurrence while on OC's If jaundice develops. OC's 
should de discontinued 
6. Steroid hormones may be poorly metabolized in patients with 
impaired liver function and should be administered with caution 
7. OC users may have disturbances in normal tryptophan metabolism 
which may result in a relative pyridoxine deficiency. Clinical signitrcance 
is undetermined 
8 Serum folate levels may be depressed by OC's. Since the pregnant 
woman is predisposed to ces Sprat of folate deficrency and incidence 
of folate deficiency increases with increasing gestation, it is possible 

nant shortly after stopping OC's, she may 

have a greater chance of developing folate deficiency and complications 
aaae to this deficiency 


formation for the Patient—See Patient Package Label) 

Laboratory Tests—1 The pathologist should be advised of OC therapy 
when relevant specimens are submitted 
2. Certain endocnne- and liver-function tests and blood components 
* be affected by estrogen-containing OC's 
a Increased sulfobromophthalein retention 
b Increased prothrombin and factors Vil, Vill. IX, and X; decreased 
antithrombin 3. increased norepinephrine-induced platelet aggregability 
c. Increased thyrtoid-binding globulin (TBG) leading to increased circu- 
lating total-thyroid hormone, as measured by protein-bound iodine 
(PBI) T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake 
is decreased, reflecting the elevated TBG. free T4 concentration is 
unaltered 
d Decreased pregnanediol excretion 
è Reduced response to metyrapone test 
Drug interactions—Reduced efficacy and increased incidence of break- 
through bleeding have been associated with concomitant use ot ritam- 

in. A similar association has been suggested with barbiturates. phenyl- 

utazone in sodium, ampicillin, ang te ine. 
Carcimogenes is, of Fertility—See Warn- 
ings section #3. 4. and 5 for information on carcinogenesis. mutagene- 
sis, and impairment of fertility 
Pregnancy—Category X. See Contraindications, Warnings 
Nursing Mothers—See Warnings Because of potential for adverse 
reactions in nursing infants from oral contraceptive 


we tablets, a decision 
should be made whether to discontinue the drug. taking into account 
the importance of the drug to the mother 
Adverse Reactions—An increased risk of these serious adverse reac- 
tions has Deen associated with the use of OC's (see Warnings). throm- 
bophieditis. pulmonary embolism, coronary thrombosis, cerebral 
thrombosis, cerebral hemorrhage, —— gallbladder disease. 
benign hepatomas, congenital anomalies. There ts evidence of an asso- 
ciation between the following conditions and use of OC's, although 
additional confirmatory studies are needed. mesenteric thrombosis, 
neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis 
The following adverse reactions have been reported in patients on OC's 
and are believed to be drug-related Nausea and/or vomiting, usually 
the most common adverse reactions, occur in approximately 10 percent 
or less of patients during the first cycle Other reactions, as a general 
rule, are seen much less frequently or only occasionally. Gastrointes- 
tinal symptoms (such as abdominal c s and bloating), breakthrough 
bleeding. spotting, change in menstrual flow; dysmenorrhea, amenor- 
rhea during and after treatment, temporary infertility after discontinu- 
ance of treatment: edema, chioasma or melasma which may persist. 
breast changes tenderness, enlargement, and secretion, change in 
weight (increase or decrease), ch in cervical erosion and cervical 
secretion; possible diminution in lactation when given immediately post- 
partum; cholestatic jaundice, migraine. increase in size of uterine leio- 
myomata; rash (allergic), mental depression. reduced tolerance to car- 
bohydrates; vaginal candidiasis: change in corneal curvature (steepen- 
ing), intolerance to contact lenses, 
The following adverse reactions have been reported in users of OC's, 
and the association has been neither contirmed nor retuted premen- 
struai-like syndrome, cataracts, changes in libido, chorea, changes in 
appetite. cystitis-like syndrome, headache, nervousness, dizziness, hir- 
sutism, ‘oss of scalp hair, erythema multiforme, erythema nodosum. 
hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic 


syndrome 

* Overdose— Serious ill effects have not been reported following 
acute ingestion of large doses of OC's by young children Overdosage 
may cause nausea, and withdrawal bleeding may occur in females 
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A hypothesis concerning the general basis of organogenetic 


congenital anomalies 
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Evidence supports the idea that it is the degree of metabolic imbalance present in diabetic gravid women 
during the period of organogenesis that accounts for organogenetic congenital defects. In light of the 
proved and inferred metabolic instability occurring during early pregnancy, we propose that metabolic 
imbalances may occur that result in organogenetic congenital defects in offspring of apparently normal 


gravid women. (Am J OBsTET GYNECOL 1987;157:1-4.) 
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Birth defects continue to be an important cause of 
morbidity and death. Among these we refer to those 
malformations that arise during the period of organ- 
ogenesis (the second to eighth weeks after conception) 
as organogenetic congenital anomalies. Their cause is 
largely unknown. Based on a composite of several lines 
of information that bear on pregnancies in normal and 
diabetic gravid women, the authors hypothesize a pos- 
sible common underlying pathogenic mechanism for 
anomalous organogenesis and propose research that 
may clarify the issue. Of course the ultimate goal of 
this exercise is to put the theories to use in diminishing 
the incidence and severity of birth defects, especially 
organogenetic anomalies. 
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Diabetes mellitus appears to contribute to 
organogenetic congenital defects by inducing 
the diabetic state 


The disease diabetes mellitus leads to a syndrome, 
the diabetic state, that includes aberrations of carbo- 
hydrate, lipid, and protein metabolism, This is most 
commonly recognized as a relative or absolute glucose 
intolerance, elevated blood glucose levels, and ketoac- 
idosis. It has long been known that, in addition to other 
metabolic problems and progression of the disease, di- 
abetic gravid women have a twofold or more increased 
incidence of fetal wastage and organogenetic congenital 
anomalies among their offspring.' However, this is not 
the case for offspring of diabetic fathers and normal 
mothers’; in fact, fetal chromosomal abnormalities or 
other underlying maternal causes of fetal wastage are 
not considered to be in excess.* Furthermore, although 
HLA antigen studies of diabetic mothers showed no 
correlation with the occurrence of anomalies in chil- 
dren,’ a large retrospective study of mothers who had 
offspring with anomalies showed a clear excess of sub- 
sequent adult onset diabetes mellitus.’ 

Despite the high incidence of congenital anomalies 
in offspring of diabetic mothers, there is not a “diabetes 
specific” anomaly, nor are the organogenetic congenital 
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defects among offspring of diabetic mothers of an un- 
usual nature.’ * They frequently occur in multiple 
systems, including congenital heart disease, skeletal 
disorders, neural tube defects, and gastrointestinal 
disorders.” Although the rare “caudal regression syn- 
drome” has been mentioned as diabetes specific, its oc- 
currence is not restricted to the diabetic pregnancy and 
its rarity confounds interpretation of apparent excesses 
in diabetic pregnancies.’ The epidemiology of congen- 
ital defects and pregnancy wastage in diabetic preg- 
nancies is fragmentary; however, the diabetic preg- 
nancy appears to exert an additive effect on the inci- 
dence of neural tube defects in a known high-risk 
group (A. Milunsky, personal communication). Fur- 
thermore, although it has been established that the in- 
cidence of congenital anomalies among diabetic gravid 
women is increased when glucose control is poor,” the 
effect of aberrations in lipid and protein metabolism 
on development of malformations has not been shown.’ 

Despite considerable progress in our understanding 
of the basis of diabetes mellitus and its treatment, we 
have not affected the incidence of congenital anomalies 
in offspring of diabetic mothers by stringent metabolic 
control of the already pregnant diabetic woman.' How- 
ever, since in almost all of these women the diagnosis 
of pregnancy was made well into, or even beyond, the 
period of organogenesis, strict diabetic management 
was not exercised during the risk period for the de- 
velopment of organogenetic congenital anomalies.’ 
Early reports indicate that this situation is probably 
corrected when strict metabolic control is established 
before pregnancy.” 

We are thus faced with the following: (1) diabetes in 
pregnancy carries a variably increased risk of fetal wast- 
age and organogenetic congenital malformations, (2) 
the risk is related to the diabetic state, and (3) there are 
no “diabetes specific” anomalies. Accordingly, it ap- 
pears that these developmental abnormalities may be 
more related to insults such as the metabolic derange- 
ments of the diabetic state than to the disease diabetes 
mellitus per se. The idea that epigenetic maternal fac- 
tors can play a role, presumably via nutrition of the 
embryo-fetus, in gestational development is not new; 
in fact, Freinkel’ and Bennett et al.,* in comparing data 
from several sources of diabetic and prediabetic preg- 
nancies, have independently reached the same opinion 
as we regarding the importance of the diabetic state to 
the outcome of diabetic pregnancies. In reviewing these 
matters further, we have come to believe that since 
metabolic derangements similar to those seen in dia- 
betic gravid women may occur in nondiabetic pregnant 
women, it is possible that subclinical or unnoticed met- 
abolic derangements occurring during the embryonic 
period in otherwise normal pregnancies could also pose 
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a teratogenic risk. Let us briefly review some experi- 
mental data that support this hypothesis. 


The diabetic state and other 
teratogenic influences 


Because the teratogenic risk seems to be related to 
the severity of the diabetic state, it is important to know 
what elements of the diabetic state cause teratogenesis. 
Experimentally induced hyperglycemia has caused or- 
ganogenetic congenital anomalies, and similar effects 
have been induced in vitro by treatment during organ- 
ogenesis, including excess glucose, hyper- or hypo- 
oxygenation, hyperthermia, trypan blue injection, ke- 
tones, heavy metals, and antisera to yolk sac.” This pic- 
ture indicates that a common locus that is sensitive to 
many factors could be the source of organogenetic 
anomalies. Considerable evidence indicates that this 
vulnerable locus is exposed during the period of or- 
ganogenesis, a time that is particularly sensitive and 
critical to maintenance of the embryo’s life and the 
fulfillment of its primordial developmental program. 
Studies with intact rat embryos and cultured rat con- 
ceptuses indicate that the yolk sac may harbor a critical 
locus involved in these developmental misadventures.” 
Under abnormal conditions such as described above, 
the yolk sac fails to form normally. Characteristically, 
this includes morphologic abnormalities, abnormalities 
of its transport and protein synthetic function, and the 
failure to form the vitelline circulation. The effect of 
hyperglycemia on the yolk sac is not caused by €-glucose 
and is not due to increased osmolality. Yolk sac failure 
can deprive the embryo of gaseous and nutrient trans- 
fer (asphyxia), impair proper development of the cir- 
culatory, gastrointestinal, respiratory, and nervous sys- 
tems, and detrimentally effect the generation of pri- 
mordial germ cells. In support of this possibility, our 
studies on experimental rat models with hyperglycemia 
used to induce anomalies have indicated that arachi- 
donic acid supplementation that prevents teratogenesis 
is associated with maintenance of cellular membrane 
integrity and the development of normal vitelline ves- 
sels.'" In these embryos, precocious neuropil develop- 
ment'' is also prevented by arachidonic acid supple- 
mentation (unpublished observations). Although the 
experimental work on the role of the yolk sac is prom- 
ising, it has not ruled out other, non-yolk sac—depen- 
dent developmental effects in specific organs. As well, 
there are apparent but poorly understood differences 
in yolk sac anatomy between species, so the ultimate 
proof of the importance of yolk sac failure in human 
pregnancies requires studies in primates (see below). 
Because of this, the few available anecdotal reports that 
support the role of the yolk sac in human teratogenesis 
are of particular interest.” 
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Pregnancy and pregnancy-like states as 
contributors to abnormal metabolism 


Pregnancy wastage and organogenetic defects have 
their origin during the first days of pregnancy when 
the embryo has specific and changing energy require- 
ments. For example, the work of Freinkel et al." using 
glucose epimers indicates that blockage of glycolysis 
may have embryotoxic effects. Much of the program 
of organogenesis is laid down during the first 25 days 
of embryo life; this includes the period in which the 
secondary or provisceral* yolk sac is prominent. Al- 
though it is critical to understand maternal and fetal 
metabolism during this period, it remains an area of 
almost complete ignorance in humans. To be sure, 
pregnancy and pregnancy-like states have been shown 
to effect glucose homeostasis and lipid and amino acid 
metabolism. The metabolic status of women in the sec- 
ond and third trimesters of pregnancy have been most 
widely studied and have been described as consistent 
with “facilitated anabolism” and “accelerated starva- 
tion.” However, a paucity of information exists re- 
garding metabolic homeostasis in the first trimester of 
pregnancy, and even less is known during the specific 
periods of implantation and organogenesis (weeks 1 to 
2 and 2 to 8, respectively). That changes in metabolism 
could be present is suggested by previous reports that 
demonstrate that estrogen/progestin contraceptives 
cause glucose intolerance and lipid abnormalities after 
brief periods of administration" and by studies in non- 
pregnant women that suggest that the luteal phase may 
be characterized by deterioration in metabolic homeo- 
stasis.” 

Thus it is reasonable to consider early pregnancy as 
a time of metabolic instability when extremes of locally 
formed and circulatory nutrients and metabolites could 
be presented to the developing conceptus. There is 
evidence, some of which is described above, that the 
embryo is dependent on its milieu and would be sen- 
sitive to such changes. However, there is a remarkable 
dearth of evidence regarding this critical period in hu- 
man and subhuman primates. This lack of information 
becomes ever-more conspicuous when one considers 
the possibility that early metabolic abnormalities could 


*Since mammals have miolecithal eggs (i.e., containing mea- 
ger quantities of yolk), the perception that the yolk sac is 
merely a nutritional storehouse has hindered an acceptance 
of the yolk sac as an important entity in mammalian embryo- 
genesis. Nothing could be further from the truth, and we have 
therefore adopted the term “provisceral yolk sac” in place of 
the descriptive term “secondary yolk sac,” to distinguish this 
embryonic organ for its critical role as the progenitor of organ 
systems in the fetus. Thus in the scheme of embryogenesis the 
primary yolk sac gives rise to the provisceral yolk sac, which 
becomes internalized in the embryo, budding off the spherical 
secondary yolk sac, which remains joined by the vitillene duct 
to the internalized portion of the provisceral yolk sac. 
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contribute to embryo wastage and organogenetic anom- 
alies in offspring of normal and diabetic mothers. 


Evaluating the hypothesis 


We have presented a hypothesis that is based on a 
collection of diverse observations in animals and hu- 
mans. Its validity is currently unknown and should be 
tested. Data should be generated to establish the met- 
abolic status of periconceptual diabetic and nondiabetic 
women. The occurrence during this time of metabolic 
alterations in association with metabolic, dietary, envi- 
ronmental, and xenobiotically induced stresses should 
be documented. The embryologic sites(s) and mecha- 
nism(s) of organogenetic defects related to these met- 
abolic stresses should be defined, and the mechanism 
of the protective effects of agents such as arachidonic 
acid should be determined. In addition, although our 
hypothesis arises from, and is illustrated by, the ex- 
tremes of developmental abnormalities, embryo wast- 
age and organogenetic congenital anomalies, similarly 
based but more subtle anatomic or morphologic defects 
may underlie functional abnormalities among appar- 
ently normal newborns.'' A case in point is the recent 
evidence that peripartum factors cannot explain most 
cases of cerebral palsy, which drives our attention to- 
ward the period of organogenesis as a possible setting 
for abnormalities of a smaller scale, which through their 
effect on the developmental program could have far- 
reaching functional repercussions. Some of the nec- 
essary studies must be performed by observing human 
pregnancies; however, others will require the refine- 
ment of animal models, including the development of 
subhuman primate models. 

A clearer understanding of the etiology of congenital 
malformations awaits the performance of these studies. 
Hopefully this will lead to strategies for prevention and 
treatment of pregnancy wastage and fetal malfor- 
mations. 


The review and helpful comments by Drs. Henning 
Beier, Norbert Freinkel, Jack Kitzmiller, Rachmiel Le- 
vine, and Angela Scioscia and the continued interest 
and encouragement of Drs. Maurice J]. Mahoney and 
John Hobbins are very much appreciated. Ms. Rachel 
Bobst and Deirdre Montesi assisted in the evolution of 
this manuscript. 
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Technical aspects of intravascular intrauterine transfusions: 
Lessons learned from thirty-three procedures 


Richard L. Berkowitz, M.D., Usha Chitkara, M.D., Isabelle Wilkins, M.D., 


Lauren Lynch, M.D., and Karen E. Mehalek, M.D. 
New York, New York 


Our technique for performing intravascular transfusions is described and four failed attempts are 
presented. The appropriate choice of needle, insertion site, and premedication are discussed. A rationale 
for intravenous fetal muscle blockade in selected cases is presented and a transfusion setup designed to 
minimize movement of the needle hub is described. Finally, the judicious use of intraperitoneal 
transfusions in some cases is suggested. (Am J OssteT GYNECOL 1987;157:4-9.) 


Key words: Intrauterine intravascular transfusion, Rh isoimmunization, fetal therapy 


Several reports have attested to the usefulness of 
performing intrauterine transfusions intravascularly 
rather than by the intraperitoneal route. The advan- 
tages of transfusing directly into the fetal intravascular 
space are that the antigenic status of the fetal blood can 
be confirmed, pretransfusion and posttransfusion he- 
matocrit values can be measured, and the transfused 
red cells are not dependent on lymphatic transport 
from the fetal peritoneal cavity for entry into the in- 
travascular space. Blood has been transfused intravas- 


From the Division of Maternal-Fetal Medicine, Department of Ob- 
stetrics, Gynecology, and Reproductive Science, the Mount Sinai 
School of Medicine. 

Reprint requests: Richard L. Berkowitz, M.D., Department of Ob- 
stetrics, Gynecology, and Reproductive Science, the Mount Sinai 
Medical Center, 1176 Fifth Ave., Second Floor, New York, NY 
10029. 


4 


cularly by the fetoscopic approach or by percutaneous 
ultrasonic guidance into a cord vessel, a vessel within 
the liver, or even directly into the fetal heart. 

During the past 18 months our group has used the 
percutaneous ultrasonically guided approach in 33 at- 
tempted transfusions. Twenty-nine (88%) of these at- 
tempts were technically successful. Details of the first 
18 procedures in this series have previously been pub- 
lished.'! The purpose of this report is to describe our 
technique in detail, present the four failed attempts, 
and discuss the lessons we have learned from our ex- 
perience. 


The technique 

Our technique for performing an intravascular 
transfusion in utero is as follows: An ultrasonographic 
examination is performed before any medication is ad- 
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ministered to the patient to locate the site of the cord 
insertion into the placenta and determine the precise 
lie of the fetus. The patient or fetus may have to be 
manipulated considerably to maximize exposure of the 
target vessel. An intravenous infusion is started and the 
patient is premedicated with a narcotic, a tranquilizer, 
an antiemetic, a tocolytic agent, and an antibiotic. The 
maternal abdomen is prepared and draped and, by 
sterile technique, a linear array transducer is used to 
locate the target vessel as close to the cord root as pos- 
sible. The depth from the maternal skin surface at the 
needle entry site to the center of the vessel's lumen is 
then measured. A right-handed operator holds the 
transducer in his or her left hand and ultrasonically 
follows the course of the needle tip, which is introduced 
with the right hand. The needle is advanced slowly 
under direct visualization until the vessel lumen is en- 
tered. The needle’s stylet is then removed and a | ml 
sample of blood is aspirated for cell size analysis and 
hematocrit determination. After it has been verified 
that a fetal vessel has been entered and a transfusion 
is indicated, the total volume of packed red blood cells 
estimated to raise the hematocrit into the normal range 
is calculated. Washed, irradiated, antigen—negative 
packed red blood cells with a known hematocrit are 
then administered directly through the needle. Flow of 
the transfused blood can be followed ultrasonically dur- 
ing the procedure. This is easier to see if the umbilical 
vein is entered but flow through the arteries can be 
visualized as well. The fetal cardiac rate is monitored 
ultrasonically throughout the transfusion by intermit- 
tently directing the transducer toward the fetal heart 
or a visibly pulsating artery. After transfusing approx- 
imately 75% of the estimated volume that will be re- 
quired, another sample of fetal blood is aspirated to 
determine the hematocrit. If the value obtained is con- 
sistent with the calculated estimate, the remainder of 
the transfusion is completed and a final sample is as- 
pirated before the needle is withdrawn. On the other 
hand, if the hematocrit value obtained midway through 
the procedure is very different from the anticipated 
value, the tip of the needle must be checked to be cer- 
tain that it is still within a fetal vessel. If the needle has 
been dislodged it is readjusted and the process begun 
anew. However, demonstration that the tip is seated 
correctly requires recalculation of the amount of ad- 
ditional blood to be transfused. When the final he- 
matocrit is documented to be within the desired range, 
the transfusion needle is withdrawn under direct ul- 
trasonic visualization. The transfusion site is then ob- 
served for evidence of prolonged bleeding or hema- 
toma formation. When all bleeding has stopped and 
the fetal heart rate is observed to be within the normal 
range the patient is transferred to the delivery floor for 
observation and external monitoring overnight. The 
following morning a scan is repeated at which time the 
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fetus and transfusion site are carefully reexamined. If 
both the fetus and mother are stable the patient is then 
discharged, 


Failed attempts 


Case 1. K. R. was referred to our unit at 29⁄2 weeks’ 
gestation with signs of fetal hydrops secondary to Kell 
isoimmunization, Ultrasonographic assessment con- 
firmed the presence of moderate fetal ascites and a 
small pericardial effusion. The placenta was located on 
the posterior uterine wall, and its cord insertion site 
initially could not be visualized. Therefore a needle was 
placed into an umbilical vessel at its entry site into the 
fetal abdomen. After determining that the hematocrit 
was 11%, the needle tip became displaced as a result 
of fetal movement. A second needle was then intro- 
duced into the umbilical vein at the cord insertion site 
into the placenta. This needle also became dislodged 
because of fetal movement. Further attempts at intra- 
vascular transfusion were then abandoned. Because of 
concern about possible blood loss secondary to the at- 
tempted procedures in this severely anemic fetus, the 
patient was delivered by immediate cesarean section. 
The newborn weighed 1470 gm and had a cord he- 
matocrit of 10%. The infant required a total of two 
double-volume exchange transfusions within the first 
4 days after birth and was subsequently discharged in 
good condition. | 

Case 2. D. C., a 220-pound woman, was referred to 
our unit at 22% weeks’ gestation with the diagnosis of 
fetal hydrops secondary to severe Rh isoimmunization. 
Her last pregnancy had ended in a stillbirth from fetal 
hydrops at 28 weeks. Ultrasonographic assessment con- 
firmed the presence of fetal hydrops with a moderate 
degree of ascites and scalp edema. The placenta was in 
an anterior position. Percutaneous umbilical blood 
sampling revealed the fetal hematocrit to be 11%. A 
transfusion of 30 ml of packed red cells raised the he- 
matocrit value to 35%. One week later, increasing fetal 
ascites was noted and a second intravascular transfusion 
was performed. This procedure was technically more 
difficult than the first one, primarily because of a uter- 
ine contraction that dislodged the needle tip. This fac- 
tor, in association with the patient's obesity, necessitated 
the use of a longer needle, which resulted in successful 
reinsertion and made it possible to perform the trans- 
fusion. The hematocrit value was increased from 14% 
to 45% after administration of 30 ml packed red cells. 
The third procedure was scheduled 2 weeks later. Mul- 
tiple attempts at gaining entry into the umbilical vessels 
at both the placental and abdominal insertion sites were 
technically unsuccessful. Therefore an intraperitoneal 
transfusion of 60 ml packed red cells was adminis- 
tered. Fetal bradycardia occurred intermittently dur- 
ing the intraperitoneal transfusion, although cardiac 
activity was normal at the conclusion of the pro- 
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cedure. No evidence of bleeding from fetal puncture 
sites or hematoma formation was noted on ultrasono- 
graphic inspection. Eight hours after the procedure 
death in utero occurred. The stillborn infant weighed 
840 gm, and the cord hematocrit was 12%. Autopsy 
confirmed the presence of hydrops but there was no 
evidence to suggest injury to the cord, placenta, or fetal 
organs from the transfusion procedures. 

Case 3. M. B., both of whose previous pregnancies 
had resulted in perinatal deaths from severe Rh iso- 
immunization at 28 and 25 weeks, underwent an elec- 
tive percutaneous umbilical blood sampling procedure 
at 21 weeks. The placenta was on the left lateral wall 
of the uterus with the cord insertion located only 4 cm 
from the maternal anterior abdominal skin surface. No 
evidence of fetal hydrops was observed, but mild 
polyhydramnios was present. A 22-gauge, 9 cm needle 
was introduced easily into the cord root and a sample 
of aspirated fetal blood had a hematocrit of 30%. This 
blood was subsequently shown to be O Rh positive with 
a 4+ direct Coombs test. Despite the relatively good 
hematocrit value, it was decided to prophylactically ad- 
minister some packed red cells. However, during the 
attachment of the intravenous tubing for the transfu- 
sion, the needle tip became dislodged from the vessel 
lumen. Multiple attempts to reenter the vessel were 
unsuccessful and a subchorionic collection of blood sub- 
sequently obscured visualization of the cord root. It was 
therefore decided to discontinue further efforts. Two 
weeks later this patient underwent the first of a series 
of five totally uneventful intravascular transfusions. No 
evidence of the subchorionic hematoma created during 
the first procedure was detectable on any of these sub- 
sequent occasions. She was electively delivered by re- 
peat cesarean section at 36% weeks. The neonate 
weighed 2570 gm, had an initial hematocrit of 38%, 
and required only a single exchange transfusion. 

Case 4. A. D. was referred to our unit at 24 weeks 
with a history of severe Rh isoimmunization. Her most 
recent three pregnancies had resulted in sullbirths sec- 
ondary to erythroblastosis fetalis. The placenta was in 
a posterior position. No evidence of hydrops was noted 
but mild polyhydramnios was present. An intravascular 
transfusion was performed uneventfully that raised the 
fetal hematocrit from 14% to 34%. A second transtu- 
sion was performed 2 weeks later. The cord root was 
entered with a 22-gauge, 11 cm needle, and a sample 
of aspirated blood had a hematocrit of 21%. Because 
of fetal movement the tip became dislodged from the 
vessel lumen and was reinserted with some technical 
difficulty. After 17 ml packed cells was transfused the 


needle was again dislodged by a fetal kick. No further 


attempts to reenter the vessel were made and a final 
hematocrit was not obtained. Ten days later a third 
intravascular transfusion was performed. A 22-gauge, 
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11 cm needle was used that became dislodged once 
during the transfusion but was easily reintroduced, and 
the transfusion proceeded uneventfully. A fourth pro- 
cedure was attempted 2 weeks later. The gestational 
age was 30 weeks and no evidence of hydrops was 
noted. A 20-gauge, 11 cm needle was introduced into 
the cord root. However, before it was possible to as- 
pirate a specimen of fetal blood for analysis, the needle 
became dislodged. Active bleeding from the cord root 
into the amniotic cavity was noted with subsequent for- 
mation of several large floating clots. Attempts to reen- 
ter the vessel were unsuccessful and were associated 
with episodes of bradycardia from 60 to 100 bpm. All 
further attempts to enter the cord were then aban- 
doned and an emergency cesarean section was per- 
formed. The newborn infant weighed 1445 gm and 
had a hematocrit of 11%. A small fresh hematoma was 
present over the umbilical vein at the cord root. The 
infant required a total of seven exchange transfusions 
during the first 5 days of life and was subsequently 
discharged in good condition, 
: 


Comment 


Locating the transfusion site. Accurate location and 
adequate visualization of the cord root is mandatory to 
successfully perform a transfusion in utero. In the ab- 
sence of oligohydramnios it is extremely difficult to 
pierce the wall of a vessel in a mobile portion of the 
cord because it rolls or floats away from the needle tip. 
However, within 1 to 2 cm of the cord’s insertion into 
either the placenta or fetal abdominal wall, movement 
of the cord is restricted and needle entry is therefore 
facilitated. The insertion of the cord into the placenta 
is the preferred site because fetal movement is more 
likely to interfere with venipuncture at the umbilicus. 

Placentas in an anterior position are easier to work 
with than those that are posterior because one can usu- 
ally approach the cord insertion through the placenta 
without having to enter the amniouc cavity. This, of 
course, minimizes the opportunity for the fetus to phys- 
ically interfere with the seating of the needle tip. The 
cord insertion site is usually located easily in these cases 
unless the fetal body presses tightly against it. In these 
cases either manipulation of the fetus or lying the pa- 
tient on her side will usually permit better visualization 
of the target site. If the cord is hanging straight down 
into the amniotic fluid the sides of the vessels may be 
difficult to see with clarity. This problem is overcome 
by using high-resolution scanners and, when in doubt, 
magnified images. It should be noted that the cord root 
will always be located in close proximity to large 
chorionic-plate vessels. If these vessels are not seen in 
adjacent scanning cuts the suspected cord root is prob- 
ably an arufact. 

When the cord inserts into a lateral fold of the pla- 
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centa, venipuncture may be difficult if the needle ap- 
proaches the vessel at right angles. In that situation the 
cord tends to be pushed into the posterior aspect of 
the placental substance until it disappears from view. 
It is often easier in these cases to roll the patient on 
her side so that access can be achieved to the base of 
the cord as it falls away from the placenta. 

When the cord inserts into a posterior placenta, the 
cord root may be completely obscured by the fetal body 
lying over it. In this case the fetus must be manipulated 
and the mother rotated so as to locate the insertion site. 
In addition to having the problem of gaining access to 
the cord root, the distance from the maternal abdom- 
inal wall will be significantly greater than that for pla- 
centas in the anterior position. This invariably means 
that fairly long needles will be required for the pro- 
cedure. 

In some cases a central cord insertion in a placenta 
on the posterior uterine wall may be virtually impossible 
to access because of inability to move the fetus away 
from it. In those cases the operator might choose to 
perform an intravascular transfusion into the cord at 
its entry site into the abdomen or into the umbilical 
vein within the liver. A third possibility is to perform 
an intraperitoneal transfusion, which is a particularly 
good alternative in a fetus without significant hydrops. 
We recently had such a case. An intravascular trans- 
fusion at 25 weeks had been uneventful, but the cord 
root was found to be completely inaccessible at 27 weeks 
and again at 30 weeks. We chose to perform an intra- 
peritoneal transfusion on the latter two occasions with- 
out trying an intravenous transfusion and both pro- 
cedures were accomplished easily. 

Premedication. The purpose of medicating patients 
before performing invasive intrauterine procedures is 
to minimize the patient's discomfort, reduce fetal and 
uterine activity, and prevent the introduction of infec- 
tion. A standard regimen we have used during the past 
several years to accomplish these objectives in patients 
with no allergic contraindications is a combination of 
meperidine (50 to 100 mg), prochlorperazine (10 mg), 
diazepam (5 to 10 mg), and cefazolin (1 gm) adminis- 
tered intravenously approximately 15 minutes before 
beginning the procedure. One problem encountered 
with this drug combination is that the patient may fall 
asleep and breathe quite deeply, which results in con- 
siderable abdominal wall movement during the pro- 
cedure. When this happens she can easily be awakened 
and told to think about breathing in a more normal 
fashion. It is often necessary to repeat this several times 
during the procedure and it is wise to warn the patient 
about it before administering the medication. 

Another problem that may occur is the development 
of uterine contractions after the needle has been in- 
troduced. In the second case described in this report a 
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contraction literally lifted the needle tip out of a cord 
vessel during one of the transfusions. As a result we 
now routinely administer ritodrine, 3 mg intravenously, 
along with the other premedications. This regimen was 
described by Caritis et al.* and we have found it to be 
a quick and effective way to provide tocolysis during 
the procedure. 

Fetal movement with subsequent violent displace- 
ment of the needle tip has been a significant problem 
in some of our cases in which the amniotic cavity had 
been traversed to reach the cord root. In most of these 
cases the fetus was initially quite immobile but became 
increasingly more active as the transfusion progressed. 
This may have been because the sedatives given to the 
mother had initially only appeared to be effective, or 
that their effects were wearing off, or potentially that 
the transfused blood was having a dilutional effect and 
consequently lowering effective blood levels. Regard- 
less of the explanation, sudden fetal movement can 
result in disruption of the procedure and possibly cause 
a life-threatening fetal hemorrhage by creating a large 
rent at the transfusion site. Ch de Crespigny et al.* have 
developed a technique of transiently paralyzing the fe- 
tus to overcome the problems associated with fetal 
movement during the procedure. These authors de- 
scribe injecting 3 mg/kg (based on estimated weight) 
d-tubocurarine intramuscularly into the upper outer 
aspect of the fetal thigh approximately 30 minutes be- 
fore the procedure is begun. They report using this 
technique on 12 occasions with complete paralysis being 
produced in 11 cases and partial, but adequate, cur- 
arization achieved in the remaining fetus. In all cases 
resumption of fetal movement was perceived by the 
mother 3 to 5 hours after the drug was administered 
and no adverse effects of the medication or its injection 
into the thigh have been detected. One fetus in that 
series was paralyzed on four separate occasions before 
undergoing intrauterine transfusions. 

It should be noted that Ch de Crespigny et al.* per- 
form intravascular transfusions into the umbilical vein 
within the fetal liver. With this approach it is obviously 
beneficial to immobilize the fetus as completely as pos- 
sible before every transfusion to maximize the potential 
of successfully entering a vessel within the abdominal 
cavity. However, if transfusion is performed into a cord 
vessel, complete immobilization of the fetus is often not 
necessary. This is particularly true of cases in which the 
cord root is entered through the placental substance 
without traversing a portion of the amniotic sac. On 
the other hand, the first and fourth cases in this report 
were technical failures resulting in the performance of 
emergency cesarean sections precisely because fetal 
movement physically displaced the needle tip from a 
cord vessel that had been entered from the amniotic 
cavity. 
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Fig. 1. The marker (+) is within the lumen of the umbilical vein at the cord insertion into a placenta 
in the posterior position. When pressure caused by the linear-array transducer is reduced, the 
measured distance from the maternal abdominal wall increases from 63.3 mm (left) to 77.8 mm 


(right). 








\ 


Fig. 2. This setup for transfusing intravascularly is designed 
to minimize movement at the needle hub. A series of two 
three-way stopcocks permits aspiration of samples for analysis 
and transfusion of measured amounts of blood without dis- 
connecting the tubing from the needle during the procedure. 


We have not yet paralyzed any of the fetuses trans- 
fused at Mt. Sinai but feel that some of our failures 
might have been avoided if we had done so. It is clear 
that paralysis is not necessary in most cases, but when 
the cord root must be entered through the amniotic 
cavity, direct fetal neuromuscular blockade may be ex- 
tremely valuable. When fetal paralysis is felt to be de- 
sirable the intravascular use of a fairly short-acting 
agent such as atracurium besylate may have significant 


theoretic advantages over the intramuscular adminis- 
tration of tubocurarine. 

Choosing a needle. We have used needles with a 
central stylet and conventional bevel for all of our trans- 
fusions. The length of the needle to be used is obviously 
determined by the distance from the maternal abdom- 
inal wall at the chosen entry site to the lumen of the 
target vessel. This can be measured directly from the 
ultrasound display, but care must be taken not to ar- 
tifactually shorten the distance by putting too much 
pressure on the transducer. The resultant reduction in 
distance may be significant ( Fig. 1). We have also found 
that it is wise to use a needle that is at least 2 cm longer 
than the measured distance because of underestimation 
of the required needle length. This discrepancy may 
be due to movement of the vessel away from the needle 
tip, minimal contractions, or scanning artifacts. 

Although small-gauge needles are desirable to min- 
imize trauma to vessel walls, these may be too flexible 
to allow optimal control of the needle tip at depths 
of 9 to 15 cm from the maternal abdominal wall. 
Furthermore, the transfusion of tightly packed cells 
through small-gauge needles is slow, may cause he- 
molysis, and predisposes to small clot formation be- 
cause of the restricted rate of infusion. Therefore, de- 
spite the use of smaller gauge needles advocated by 
other groups, we use 22-gauge needles for blood sam- 
pling and transfusions up to 24 weeks and 20-gauge 
needles for transfusions at later gestational ages. 

Analysis of the aspirate. After the needle appears 
to be properly seated within the target vessel on the 
ultrasound display, the central stylet is removed and a 
sample of blood is aspirated into a heparinized 1 ml 
syringe for analysis. Although only a fraction of a mil- 
liliter is necessary for cell sizing, it is advisable to with- 
draw a full milliliter to avoid dilutional effects of the 
heparin. Cell sizing and hematocrit determinations 


Volume 157 
Number | 


should be done in a facility that is immediately adjacent 
to the procedure room to diminish transport ime and 
time involved in reporting results of the analysis. 

Cell sizing is performed to be certain that the aspi- 
rated blood is fetal when compared with a sample of 
the mother’s blood drawn before the procedure is be- 
gun. This method of distinguishing between the sam- 
ples is dependent on the fact that the mean corpuscular 
volume of fetal red blood cells is significantly higher 
than that of adult red blood cells. However, this analysis 
becomes less useful after intrauterine transfusions have 
been initiated because the majority of red cells in the 
fetal circulation will often be comprised of previously 
transfused adult cells. In these situations the low he- 
matocrit values and yellow serum of the aspirated fetal 
blood will usually differentiate it from that of the 
mother. Furthermore, it can be verified that the fetal 
vasculature has been entered by viewing flow within the 
cord or chorionic plate vessels on the ultrasound display 
as the transfused blood is injected. 

If blood is aspirated directly from the needle the 
syringe must be detached from the needle’s hub and 
the transfusion tubing inserted in its place after the 
initial sample has been withdrawn. The tubing for the 
transfusion is attached to a three-way stopcock, which 
in turn attaches to a 20 ml syringe and the bag of packed 
cells to be transfused. This standard setup allows blood 
to be loaded into the syringe for administration at a 
controlled rate without disconnecting the system. How- 
ever, if the tubing from the three-way stopcock leads 
directly to the needle hub, the system must be “broken” 
whenever a sample of blood is aspirated to check the 
hematocrit. Each time this is done movement of the 
hub may inadvertently cause displacement of the tip. 
In the third case described above this occurred and was 
responsible for our inability to perform the transfusion. 
The problem could be avoided by placing a short length 
of flexible tubing into the needle hub leading toa three- 
way stopcock to which an aspirating (e.g., | ml) syringe 
is attached. The transfusion tubing would then be at- 
tached to the third portal (Fig. 2). By using a setup of 
two three-way stopcocks in this fashion it should not 
be necessary to “break” the system at all until the trans- 
fusion is completed. 
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When blood is withdrawn for analysis, the first 0.5 
to 1 ml aspirated should be discarded if the transfusion 
has been started to remove any of the packed cells left 
in the needle or attached tubing. The hematocrit value 
can be determined by spinning samples of aspirated 
whole blood in standard microcapillary tubes. However, 
this takes'2 to 3 minutes, which can seem like a very 
long time when one is waiting for the result with a 
needle placed inside a fetal vessel. Computer attach- 
ments to some cell-sizer models allow rapid hematocrit 
and mean corpuscular volume determinations to be 
performed in seconds. This obviously can help to 
shorten the procedure time but prevents the hyperbili- 
rubinemia visible on most initial spun hematocrits from 
being used as a marker for fetal blood. 

In conclusion, we have found intravascular blood 
sampling and transfusion to be of great usefulness in 
the rational management of erythroblastosis fetalis. 
Technical problems associated with these procedures 
can be reduced by using needles of appropriate design, 
length, and gauge, selecting the insertion site with care, 
premedicating the mother and her fetus wisely, and 
using a delivery system that minimizes the need to move 
the needle hub. A rationale for intravenous muscle 
blockade of the fetus in selected cases is presented, 
although, to our knowledge, this has not yet been at- 
tempted. Finally, we would like to restate that unless 
severe hydrops is present, an intraperitoneal transfu- 
sion should always be strongly considered as an alter- 
native to performing an intravascular transfusion that 
seems as if it will be unusually difficult to perform. 
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Clinical Articles 


Isolation of acquired immunodeficiency syndrome virus from 


the placenta 


Washington C. Hill, M.D., Veronica Bolton, and James R. Carlson, Ph.D. 


Sacramento, California 


The etiologic agent of the acquired immunodeficiency syndrome is human immunodeficiency virus. We 
report here a case of the culturing of this agent from the placenta and suggest the clinical implications. 


(Am J Opstet GyNnEcot 1987;157:10-1.) 


Key words: Acquired immunodeficiency syndrome, placenta, isolation, human 


immunodeficiency virus 


There is little published information on the culturing 
of human immunodeficiency virus (HIV), the etiologic 
agent of the acquired immunodeficiency syndrome 
(AIDS), from mothers and infants at risk for the dis- 
ease. The virus has been cultured from breast milk and 
it has been suggested that AIDS in neonates may result 
from breast-feeding.' HIV has been cultured from the 


lymphocytes of mothers at risk for the development of 


AIDS. Transplacental transmission of the HIV virus 


has also been reported. We present here a report of 


the isolation of the HIV at the time of delivery from 


the placenta of a patient at risk for the development 
of AIDS. 


Case presentation 

The patient was a 24-year-old, white woman, grav- 
ida 2, para 1, whose prenatal course was complicated 
by sexual exposure to a partner who had AIDS as a 
result of intravenous drug abuse. At 10 weeks’ gesta- 
tional age the patient had positive enzyme-linked im- 
munosorbent assay, Western blot, and immunofluores- 
cence assay serologic test results for the anti-HIV 
antibody. Although asymptomatic, a positive peripheral 
blood lymphocytic culture for the HIV virus was also 
yielded in this woman at 26 weeks’ gestational age. 
Special T-cell studies at that time showed a reversed 
T4/T8 ratio. The patient’s pregnancy was otherwise 
uncomplicated. Sonographic examinations of the fetus 
showed no evidence of intrauterine growth retardation. 
The patient had an uncomplicated labor and was de- 
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Fig. 1. Portion of a human T cell with extracellular HIV (Orig- 
inal magnification X 35,000.) (Photograph courtesy of Robert 


J. Munn, Department of Medical Pathology, School of Med- 


icine, University of California, Davis.) 


livered at 39 weeks’ gestational age of a 3700 gm male 
infant. There were no neonatal complications. The um- 
bilical cord blood had positive enzyme-linked immu- 
nosorbent assay, Western blot, and immunofluores- 
cence assay serologic test results for the anu-HIV an- 
tibody. The infant has not developed symptoms of 
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AIDS. Viral cultures of the cord blood, lochia, and baby 
were negative; however, cultures of the placenta were 
positive for HIV (Fig. 1). 


Comment 


Neonatal AIDS can result from contact of the baby 
with maternal blood during delivery. There is presently 
no evidence of this occurring in this newborn infant. 
The positive viral status of this patient was detected in 
our screening of pregnant women at risk for AIDS. 
The positive viral culture of the placenta was prob- 
ably a result of the patient’s positive blood culture. 
HIV-positive pregnant patients have a risk of passing 
this infection to the neonate. Transmission may occur 
through breast milk, through transplacental transfer, 
or by contact with maternal blood during delivery. The 


AIDS virus isolated from placenta 


extra risk of this transfer remains unclear. The placenta 
must be handled carefully by health care workers and 
housekeeping personnel to decrease exposure to the 
virus. Recommendations for the prevention of peri- 
natal transmission of HIV and AIDS have been pre- 
viously published and should be reviewed by individ- 
uals providing obstetric care.” 
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Management of preterm premature rupture of membranes: 


Lack of a national consensus 


Eleanor L. Capeless, M.D., and Philip B. Mead, M.D. 


Burlington, Vermont 


A questionnaire concerning the management of women with preterm premature rupture of membranes was 
sent to the members of the Society of Perinatal Obstetricians. Expectant management was recommended 
by 97% of the respondents. There was no consensus about the role and frequency of steroids, blood 
work, ultrasound examination, and fetal monitoring in the follow-up of these patients. (Am J OBSTET 


GYNECOL 1987;157:11-2.) 


Key words: Preterm rupture of membranes, steroids, management 


Optimal management for patients with premature 
rupture of the membranes before term remains con- 
troversial. A recent review’ cites conflicting results from 
numerous studies that have attempted to determine the 
benefit of various treatment modalities. We attempted 
to determine if there was a consensus among perina- 
tologists regarding the use of steroids in patients with 
preterm premature rupture of membranes. 


Material and methods 


A questionnaire was sent in May 1985 to members 
of the Society of Perinatal Obstetricians asking the fol- 
lowing questions: (1) Do you use steroids between 28 
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and 32 weeks in patients with premature rupture of 
the membranes? If yes, which steroid and what dose 
are used? (2) Do you recommend induction after a 
course of steroids? (3) Do you recommend no inter- 
vention after premature rupture of the membranes? 
(4) Do you repeat steroid therapy after 7 to 10 days in 
a patient with premature rupture of the membranes 
who has not delivered? (5) Do you use intravenous 
and/or oral tocolytics if a patient begins labor during 
steroid use? (6) Conservative management means: (A) 
Bed rest in the hospital? (B) Bed rest either in the 
hospital or home? (7) What laboratory work do you use 
to monitor a patient with premature rupture of the 
membranes? (8) How frequently do you perform ul- 
trasonography? 


Results 


A total of 492 questionnaires were mailed, and 285 
were returned, which represented a 58% response rate. 
Responses were received from 167 hospitals in | 14 cit- 
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Table I. Comparison of expectant management protocols between steroid users and nonsteroid users 





Steroids No steroids All respondents 
(N = 98) (N = 163) (N = 261) 
Tocolytic therapy 83 85% 1] 7% 94 36% 
Conservative management; hospital or home 29 30% 60 37% 89 34% 
White blood count 83 85% 99 61% 182 70% 
Vital signs 12 12% 45 28% 57 22% 
Fetal monitoring 26 26% 37 23% 63 24% 
C-reactive protein 17 16% 27 16% 44 17% 
Cervical cultures 25 25% 36 22% 61 23% 
Vaginal phosphatidylglycerol 9 9% 16 10% 25 10% 
Amniocentesis 29 30% 36 22% 65 25% 
Ultrasound examination 92 94% 153 94% 245 94% 





ies in the United States and Canada. Forty-two percent 
of obstetric residency programs and 90% of maternal- 
fetal fellowship programs were represented, 

Steroid administration was routinely reconimended 
by 39% (113), occasionally or rarely recommended by 
4% (nine), and never recommended by 57% (163) of 
the respondents. Of respondents representing fellow- 
ship programs, 40% recommended steroid administra- 
tion. The lack of agreement on this issue is reaffirmed 
by the fact that of 47 fellowship programs with more 
than one respondent to the questionnaire, 17 (36%) 
had disagreement within the faculty as to the benefit 
of steroid administration. 

Of the physicians who routinely administered ste- 
roids, 6% (seven) recommended an induction after ste- 
roid therapy, and 94% (106) recommended expectant 
management. Betamethasone, 12 mg, was prescribed 
by 91% (102), but the time course was variable. The 
most popular regimen, two doses 24 hours apart, was 
given by 57% (53), but 26% (25) used two doses 12 
hours apart. Only nine physicians used dexamethasone, 
and only two agreed on the dose and time of admin- 
istration. Of the 113 who routinely used steroids for 
preterm premature rupture of the membranes, 98 de- 


tailed further management plans. Readministration of 


steroids to patients who remained undelivered was ad- 
vocated by 53% (51). 

A comparison of the management schemes between 
the two groups (steroid users and nonsteroid users) is 
shown in Table I. Tocolytic therapy was much more 
frequent in the group who used steroids. Only one third 
of each group felt that a patient could be managed 
conservatively at home. The percentage of physicians 
who stated that they used the tests are listed in Ta- 
ble I. Within each group, there was great variability in 
the frequency in which these tests were ordered, For 


— 


example, only 36% of the respondents used daily fetal 
monitoring; an additional 27% monitored every 3 to 
4 days. More than 94% of both groups used at least an 
initial ultrasound examination on admission, and 54% 
to 57% continued with ultrasound examinations on at 
least a weekly basis. Fluid assessment and biophysical 
profiles were the most frequent reason given for re- 
peated ultrasound examination, 


Comment 


The results of this survey demonstrate a lack of con- 
census regarding the optimal management of preterm 
premature rupture of the membranes. This conclusion 
was reached with considerable confidence, since re- 
sponses were obtained from 90% of maternal-fetal fel- 
lowship programs, the very institutions in which pro- 
tocols are designed and high-risk care is delivered. Al- 
though there is an overwhelming concensus regarding 
the value of expectant management, the respondents 
are divided on the benefit of steroid administration in 
this high-risk group. Physicians who give steroids are 
more likely to give tocolytic therapy, use frequent white 
blood counts, and keep their patients in the hospital. 
However, there is a great diversity of opinion regarding 
the role and frequency of blood work, fetal monitoring, 
and prolonged hospitilization in the follow-up of these 
patients. Documentation of a lack of consensus, as pro- 
vided by this survey, is important because of obvious 
implications in the areas of standards of patient care, 
medical and hospital costs, design of future studies, and 
medical liability. 
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Reduction of group B streptococcal maternal and neonatal 
infections in preterm pregnancies with premature rupture of 
membranes through a rapid identification test 


Walter J. Morales, M.D., Ph.D., and Daniel Lim, M.D., Ph.D. 


Tampa, Florida 


To establish the effect of rapid detection and chemoprophylaxis of group B streptococcal genital 
colonization in preterm gestations with premature rupture of membranes, 260 singleton pregnancies were 
cultured. Through the use of a rapid test based on coagulation methods, group B streptococcus was 
identified in 84 (32%) patients, of which 18 (7%) had heavily colonized infections. The treatment of 36 
patients resulted in no cases of chorioamnionitis or neonatal sepsis compared with 11 (23%) cases of 
chorioamnionitis and 13 (27%) of neonatal sepsis among 48 untreated patients (p < 0.01). Although the 
risk of infection was significantly higher in patients with heavily colonized infections, characterized by 

<5 hours’ growth for detection, even light colonization, requiring 20 hours for detection, resulted in a 14% 
rate of maternal and 16% rate of neonatal infection, respectively. (Am J Osstet GYNECOL 1987;157:13-6.) 


Key words: Maternal and neonatal infections, premature rupture of membranes, group B 
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Group B streptococcus is the leading cause of neo- 
natal infection, with an incidence in the term popula- 
tion between one and four per 1000 live births.’ * How- 
ever, the attack rate is relatively low considering that 
approximately 20% of pregnant women are symptom- 
free carriers. Several studies* ' have demonstrated the 
effectiveness of intravenously administered ampicillin 
during the intrapartum period in significantly reducing 
group B streptococcus disease in the term neonate. 
However, this approach requires serial antenatal genital 
cultures to identify the 20% who are group B strep- 
tococcus carriers and then exposure of this 20% to am- 
picillin to prevent neonatal sepsis in 0.7% of these pa- 
uents. In a recent study’ a rapid test based on coagglu- 
tination methods identified within 5 hours a subset of 
patients at high risk of delivering infants destined to 
develop group B streptococcus. This high-risk group 
representing 6% of the obstetric population was char- 
acterized by a heavy group B streptococcus genital col- 
onization (colony counts >3 x 10'/swab). The intra- 
partum treatment of 37 term patients with heavily 
colonized infections resulted in no cases of neonatal 
group B streptococcus sepsis compared with 10% in 
an untreated group. On the other hand, no case of 
group B streptococcus was recorded in a group of 
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98 untreated term patients with lightly colonized in- 
fections. 

Conservative management of preterm patients with 
premature rupture of membranes has been accepted 
by most clinical investigators in an attempt to reduce 
the serious neonatal complications of prematurity, 
mainly respiratory distress syndrome and intraventric- 
ular hemorrhage. Nevertheless, the risk of clinical ma- 
ternal intra-amniotic infection ranges from 24% in 
pregnancies <28 weeks to 5% in those 33 to 34 weeks.” 
Infections not only translate into serious maternal mor- 
bidity but also compound the problem of prematurity 
in the infants. Although no direct cause-effect rela- 
tionship has been identified between group B strep- 
tococcal genital colonization and premature rupture of 
membranes, a number of studies” * have reported a 
higher incidence of group B streptococcal coloniza- 
tion in pregnancies complicated by preterm births, 
Group B streptococcus has been identified as the lead- 
ing cause of chorioamnionitis. Thus not only is the 
unborn preterm fetus at risk of group B streptococcus 
infection after premature rupture of membranes, but 
the risk is even greater with maternal group B strep- 
tococcal intra-amniotic infections, Further at issue is the 
beneficial use of antenatal corticosteroids in preterm 
patients with premature rupture of membranes. Al- 
though some investigators have reported a reduction 
in respiratory distress syndrome after corticosteroid ad- 
ministration,” ° some!’ ' have found this benefit offset 
by an increased risk of maternal and neonatal infection. 

The purpose of this study is to establish whether 
the rapid identification and treatment of carriers of 
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Table I. Colonization rates and magnitudes in 
preterm and term patients 






Preterm Term 
(nf %J) (nf %J) 


Number 260 1207 

Group B streptococcal 84 (32) 263 (22) 0.05 
positive colonized 

Heavily colonized 18 (7) 

Lightly colonized 66 (23) 


p Value 


67 (5.5) NS 
196 (16) NS 


group B streptococcus would result in reduced ma- 
ternal and neonatal infection in the conservatively 
managed preterm patient with prematurely ruptured 
membranes, 


Material and methods 


Between June 1984 and June 1986, 260 patients were 
studied at Orlando Regional Medical Center with a sin- 
gle intrauterine pregnancy =34 weeks and premature 
rupture of membranes > 12 hours before onset of labor. 
Rupture of membranes was documented by obvious 
pooling with sterile speculum and confirmed by ferning 
and alkaline pH by Nitrazine paper. Gestational age 
was established by menstrual history, initial physical 
examination, and previous ultrasound report. On ad- 
mission to the hospital each patient underwent an ul- 
trasound evaluation to confirm gestational age, placen- 
tal location, fetal position, and oligohydramnios. A re- 
active nonstress test was required for gestations >28 
weeks. If the test was nonreactive after 40 minutes, it 


was repeated within 24 hours after breakfast, and if 


the nonreactivity persisted, ultrasonography was per- 
formed to verify fetal breathing movements and trun- 
cal movements in a 30-minute evaluation. Excluded 


from the study were all patients in labor at the time of 


admission to the hospital, those with foul-smelling fluid, 
ultrasonographic evidence of intrauterine growth re- 
tardation or nonreassuring antenatal test, those with 
phosphatidylglycerol in the amniotic fluid obtained 
from vaginal pooling, and neonates with congenital 
anomalies incompatible with life. Whenever possible, 
patients received 24 mg dexamethasone in four divided 


intramuscular doses 12 hours apart. In the absence of 


infection, patients in labor were treated with magne- 
sium sulfate to achieve completion of steroid treatment. 
When magnesium sulfate failed to arrest labor after 
l hour at maximum dosage of 4 gm/hr or a serum level 
of 9 mg/dl, ritodrine hydrochloride was added to a 
maximum dose of 0.35 mg/min. 

On admission to the hospital, in addition to aerobic 
vaginal cultures, a rapid screen test for group B strep- 
tococci based on coagglutination methods was per- 
formed from a vaginal swab. As described previously, 
a positive identification at 5 hours is associated with 
heavy colonization whereas a positive result at 20 hours 
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implies light colonization, After a report of positive 
identification of group B streptococcus, the patient 
was treated intravenously with | gm ampicillin every 
6 hours, and expectant management was continued in 
the absence of clinical evidence of intra-amniotic in- 
fection. If the patient was allergic to ampicillin, a 
first-generation cephalosporin was used. The rapid- 
screening test was repeated in 48 hours to confirm the 
eradication of the organism, and after this report the 
patient was given 500 mg oral ampicillin every 6 hours 
until labor began. In the intrapartum period the pa- 
tients were again treated with | gm intravenous am- 
picillin until delivery. 

After delivery the infant was examined by one of 
four attending neonatologists. Surface, oropharynx, 
urine, blood, and cerebrospinal fluid cultures were ob- 
tained on admission to the neonatal intensive care unit 
before antibiotic therapy was started. A urine Wellco- 
gen latex agglutination test was performed on all neo- 
nates for detection of group B streptococcal anugen." 
The diagnosis of neonatal sepsis was made on the basis 
of a positive blood or cerebrospinal Huid culture or 
positive Wellcogen urine screen and oropharynx cul- 
tures along with radiographic and clinical signs of con- 
genital infection as determined by the attending neo- 
natologist. Respiratory distress syndrome was diag- 
nosed by the attending neonatologist on the basis of 
characteristic radiologic findings along with increasing 
ventilatory requirements. 

Analysis of the data was performed by means of x“ 
and two-tailed ( tests. Differences were considered sig- 
nificant at a probability level of 0.05. 


Results 


Two hundred sixty patients with preterm pregnan- 
cies with premature rupture of membranes qualified 
for the study, and of these, 84 (32%) were found to 
have colonies of group B streptococci, 18 of which (7%) 
had heavy colonization. During the same period of 
study, 1207 term patients were screened with the 
same rapid test, and of these 22% tested positive for 
group B streptococci, statistically significantly different 
from the preterm population with premature rup- 
ture of membranes (p < 0.05), as shown in Table I. 
Thirty-six (43%) of the preterm patients received an- 
tibiotic therapy in accordance with the protocol out- 
lined in the previous section, and none of these infants 
developed group B streptococcal sepsis despite the con- 
current use of dexamethasone and expectant manage- 
ment. Primarily because of a short latency period or 
delay in processing the screens, 48 patients did not 
receive antibiotic therapy and 11 (23%) developed cho- 
rioamnionitis. In addition, 17 (35%) of the infants from 
the untreated group of 48 mothers had a positive urine 
Wellcogen screen, statistically higher than the incidence 
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Table II. Effect of ampicillin treatment 


Heavy (N = 18) 


+ Y Toi = 
. 


Group B streptococci and PROM 15 


Maternal colonization 


Light (N = 66) 


7 


~J 


Number 


Chorioamnionitis (No.[%]) — 


Neonatal sepsis (No.[{%]) 
Group B streptococcal antigen—positive 
urine screen (No.[%]) 


T = Treated; U = untreated. 
*p < 0.05. 
tp < 0.01. 


in the treated population (2/36; 5.5%; p < 0.01). OF 


these 17 infants with positive Wellcogen screens, 13 
(27%) developed neonatal sepsis. The data summarized 


in Table II indicate that indeed the incidences of 


chorioamnionitis, positive neonatal urine Wellcogen 
screen, and sepsis were significantly higher in those 
patients with heavy colonization. Table HI summarizes 
the data on the 48 untreated subjects. The 37 mothers 
who did not develop chorioamnionitis were of more 
advanced gestational age than those who did (31.8 ver- 
sus 28.1 weeks). Of the 11 patients with chorioamnio- 
nitis, those with heavy colonization (i.e., screen positive 
at 5 hours) were of more mature gestations (29.5 versus 
26.2 weeks) than were those with chorioamnionitis and 
light colonization. The patients with heavy colonization 
developed signs of chorioamnionitis sooner after rup- 
ture of membranes than did those with light coloni- 
zation (1.86 versus 2.45 days). 


Comment 


A previous study demonstrated that through the use 
of a rapid-screen test based on coagglutination meth- 
ods, the population destined to deliver term infants at 
high risk to develop group B streptococcal sepsis could 
be identified within 5 hours as those patients with heavy 
genital colonization. In that study their intrapartum 
treatment with intravenous ampicillin essentially pre- 
vented the vertical transmission to their infants. The 
study also showed that term infants born to mothers 
with light colonizations of group B streptococci do not 
appear to be at risk to develop sepsis. 

The purpose of the present study was to determine 
the effectiveness of this rapid test to screen preterm 
patients with premature rupture of membranes man- 
aged conservatively with the concurrent use of dexa- 
methasone and to establish the safety of treating the 
patients with colonization while still continuing an ex- 
pectant management of the pregnancy. The study dem- 


onstrated that the rapid identification and treatment of 
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Table III. Effect of gestational age and level 
of colonization on chorioamnionitis in 
untreated subjects 












LAT 
period 
(days) 


Gestational 
age 
(wh) 











Chorioamnionitis Colonization 






Yes (N = 11) Heavy (N = 6) 29.5 1.96 
Light (N = 5) 26.2 2.45 
No (N = 37) Heavy (N = 5) 32.8 3.19 
Light (N = 32) $1.3 4.08 





the symptom-free patient with colonization resulted in 
no cases of maternal or neonatal infection. Failure to 
treat the colonized preterm patient with premature 
rupture of membranes resulted in a high incidence of 
chorioamnionitis (25%) and neonatal sepsis (35%). The 
risks were higher in those with heavy colonization. 
Moreover, as summarized in Table IV, contrary to the 
experience in the term population, the untreated pre- 
term subject with light colonization is at significant risk 
of chorioamnionitis (13%) and neonatal sepsis (16%), 
the risks inversely related to gestational age. This in- 
verse relationship suggests an ability of amniotic fluid 
to more successfully inhibit group B streptococcal in- 
fections with advancing gestational age. This inhibitory 
capacity of amniotic fluid is further illustrated by the 
data on chorioamnionitis in Table III. Note that not 
only were the pregnancies of patients who developed 
intra-amniouc infection with light colonization more 
immature, but their latency periods were longer and, 
presumably because of this longer latency period, more 
and more of the protective capacity of amniotic fluid 
was lost with continued loss of fluid volume. This con- 
tinued decrease in fluid volume was documented ul- 
trasonographically. 

The data from the study indicated a 32% rate of 
group B streptococcal colonization in the group of pre- 
term patients with rupture of membranes. This is sig- 
nificantly higher (p < 0.05) than the colonization rate 
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Table IV. Effect of gestational age and colonization magnitudes in maternal and neonatal infections of 


untreated subjects 


Maternal colonization 


T 


Number 30 

Chorioamnionitis (No.[%]) 

Neonatal sepsis (No.[%]) 

Group B streptococcal antigen—positive 
urine screen 





T = Term; P = preterm. 
*p < 0.05. 
tp < 0.01. 


of 22% in a group of term patients with intact mem- 
branes and suggests an association between genital col- 
onization with the organism and premature rupture of 
membranes. Moreover, six of the 11 (55%) patients with 
chorioamnionitis were clinically diagnosed within 48 
hours after rupture of the membranes. Hence for all 
mothers to receive the benefits of antenatal antibiotic 
therapy requires the patient to be admitted to the hos- 
pital soon after rupture of the membranes. The screen 
must be performed rapidly and be able to be processed 
around the clock with efficient reporting of results to 
the obstetrician. Therefore, until a direct screening test 
for group B streptococci is available, a strong argument 
could be made for the antenatal use of ampicillin in 
preterm patients with premature rupture of mem- 
branes until the results of the rapid screen became 
available. This approach would result in, at most, three 
doses of intravenous ampicillin to the group of patients 
not colonized with group B streptococci. This approach 
is not expected to result in the selection of resistant 
organisms. 
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Obstetric outcome of patients with a previous episode of 


spurious labor 


S. Arulkumaran, M.D., J. Michelsen, M.D., I. Ingemarsson, M.D., and S. S. Ratnam M.D. 


Singapore 


The obstetric performance of patients admitted with spurious labor was evaluated. The incidence of fetal 
distress in labor was significantly higher in those who had spurious labor (16.7%) than in those who were 
established in labor within 24 hours of admission (3.8%). An equivocal or ominous fetal heart rate trace on 
admission was related to the occurrence of fetal distress in labor in both the spurious labor group and the 
normal labor group. Positive predictive value of a normal test was low in the spurious labor group. 
Obstetric interventions such as augmentation (35.7%) and operative deliveries (41.0%) were significantly 
higher in the spurious labor group than in the normal labor group (19.7% and 18.8%, respectively). The 
induction rate in the spurious labor group was 15.5%. The use of oxytocin for augmentation and induction 
of labor seems to contribute to the increased incidence of fetal distress and operative deliveries in the 
spurious labor group. The spurious labor group also had a higher incidence of fetal distress than the 
control group even among the patients who did not receive oxytocin. The results suggest that patients with 
an episode of spurious labor constitute a high-risk group with a considerable risk of fetal distress and 
obstetric interventions in subsequent labor. (Am J OssteT GyNECOL 1987;157:17-20.) 


Key words: Obstetric outcome, fetal distress, augmented labor, spurious labor 


Patients in spurious labor with cessation of labor after 
a period of painful uterine contractions form an inter- 
esting group and are a common problem in obstetric 
practice, The fact that the definite physiologic mech- 
anism of the onset of spontaneous labor remains elusive 
makes it difficult to explain the occurrence of spurious 
labor. 

Because of the lack of knowledge about the cause of 
spurious labor there is no uniform policy in manage- 
ment of these cases at term. Some clinicians may apply 
a policy of routine induction of labor while others take 
a more conservative attitude and discharge the patients 
after a period of observation after a reassuring fetal 
heart rate trace has been obtained. There is also an 
overall uncertainty as to how to settle the diagnosis. 
Friedman’ suggested a therapeutic test with sedation 
or analgesic used to differentiate false labor from those 
who are in a protracted latent phase of labor. 

There is little knowledge in the literature about the 
obstetric outcome of these patients and opinions are 
conflicting. Quinn et al.* reported no adverse outcome 
whereas Beazley and Lobb* expressed concern about 
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these patients and felt that they deserved special atten- 
tion. More research is needed in this area; thus we were 
prompted to perform this investigation. We studied the 
obstetric performance in a group of patients with a 
previous period of spurious labor at term, that is, pain- 
ful contractions recorded at least once in every 10 min- 
utes on admission but no established labor within the 
next 24 hours. Spontaneous abatement of the contrac- 
tions occurred without the use of sedatives or analge- 
sics. The diagnosis of spurious labor was thus made 
retrospectively. The obstetric and neonatal outcomes 
of this group were compared with those of patients with 
established labor within 24 hours of admission (control 
group). The fetal and neonatal outcomes in these two 
groups were related to a 20-minute fetal heart rate trace 
on admission. 


Patients and methods 


Patients admitted to the Kandang Kerbau Hospital, 
Singapore, during the working hours of 8:30 AM to 
3:00 pM each day except Sundays, during the period 
of February 1, 1984, to December 1, 1985, with painful 
uterine contractions, with or without show but without 
leaking liquor and high-risk antenatal factors, were 
considered for the study. Within minutes of entering 
the hospital, an admission test (a 20-minute fetal heart 
rate trace) was performed in all patients.’ The trace was 
recorded in a concealed manner; the fetal pulse lamp 
was covered, the fetal heart rate was displayed digitally, 
and the volume of the two-channel chart recorders was 
turned off. An optimal trace was obtained by observing 
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Table I. Incidence of fetal distress in labor in cases of previous spurious labor compared with 
control groups 











Patients with 
previous spurious 
labor (N = 168) 






Control group 
(N = 1041) 





Significance 


outcome of admission test 





Reactive 
admission test 





Incidence of fetal distress 29 14.4 


the green indicator lamp suggesting good-quality sig- 
nals in a Hewlett Packard* 8040 or 8041 cardiotoco- 
graph fetal monitor while placing the ultrasound trans- 
ducer to detect the fetal heart rate. 

The trace obtained was placed in a sealed envelope 
for later interpretation. The results of the admission 
test were categorized as reactive (normal), equivocal, or 
ominous. Criteria for reactive normal were: presence 
of two accelerations (>15 bpm, >15 seconds) within 
the test period, no accelerations but normal baseline 
rate and normal baseline variability (10 to 25 bpm), or 
early decelerations when accelerations were present. 
Criteria for equivocal were: normal baseline rate with 
no accelerations and baseline variability <5 bpm, ab- 
normal baseline rate with reduced variability (5 to 10 
bpm), or variable decelerations without ominous signs. 
Criteria for ominous were: abnormal baseline rate and 
baseline variability <5 bpm, repeated late decelera- 
tions, repeated variable decelerations with any of the 
ominous signs, duration <60 seconds, or beat loss >60 
bpm, rebound tachycardia, slow recovery, and a late 
component. 

Fetal distress was said to be present if an abdominal 
or vaginal operative delivery was performed for this 
indication (or in conjunction with another indication), 
judged by a cardiotocographic trace or fetal blood pH 


*Hewleut Packard Ltd., Boeblingen, West Germany. 





Patients with previous spurtous labor 







Equiv al or 
ominous 
admission test 


p < O05 


Lower-segment cesarean section 16 9.5 I8 1.7 p < 0.001 
Forceps 10 6.0 16 1.5 p < 0.001 
Normal delivery with low Apgar 2 1.2 6 0.6 NS 
score needing admission to 
neonatal unit 
Total 28 16.7 40 3.8 p < 0.001 





Table II. Fetal distress in the groups with previous spurious labor and control subjects in relation to 






Control group 


Equivocal or 
OMINOUS 
admission test 






Reactive 
admisston test 
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3.2 g 15.3 
p < 0.001 





estimation, or if the baby was born spontaneously but 
with a low Apgar score and needing admission to the 
special care baby unit for this specific reason. 

Patients diagnosed as being in spurious labor were 
sent to the antenatal ward and were discharged after 
12 hours or more of observation; they were given an 
appointment to the antenatal clinic within 1 week. 
Those who were not established in labor after a 24- 
hour period but were within a week were considered 
for the study. Patients who were established in labor 
within 24 hours of admission in the first 6 months of 
our study formed the control group. 

A computerized coding sheet was commenced at the 
time of admission with the details of age, parity, and 
antenatal complications, if any. Details of the incidence 
of fetal distress on electronic fetal monitoring, opera- 
tive delivery, indication for operative delivery, neonatal 
outcome judged by 1- and 5-minute Apgar scores, birth 
weight, and admission to the special care baby unit were 
recorded on readmission of the patient to the labor 
ward and before the patient was discharged from the 
hospital. The obstetric outcome was correlated with the 
results of the admission test, and statistical significance 
was verified by use of Student’s £ test and x* analysis. 

The obstetric interventions of augmentation and in- 
duction of labor, emergency cesarean section, and 
instrument-assisted vaginal deliveries were evaluated in 
the spurious labor group and compared with those in 
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Table III. Rate of obstetric interventions in cases with previous spurious labor compared with incidence in 
normal labor group 









Patients with 
spurious labor 
(N = 168) 








Control group 





Obstetric intervention Significance 





Induction of labor 26 15.5 — — — 

Augmentation of labor 60 35.7 205 19.7 p < 0.001 

Emergency lower-segment 34 20.2 83 8.0 p < 0.001 
cesarean section 

Operative vaginal delivery 35 20.8 112 10.8 p < 0.001 








Table IV. Use of oxytocin and obstetric outcome 













Control 


group 






Spu rious 
labor 


Spurtous 
labor 


Significance 





Total So S12 205 19.7 82 48.8 836 80.3 
Incidence of fetal 22 25.6 Is 8.9 p < 0.001 6 73 22 2.6 p < 0.05 
distress 
pA Cesarean section rate 24 27.9 I8 8.9 p < 0.001 10 12.2 65 7.8 NS 
Instrument-assisted 24 27.9 29 14.2 p < 0.001 11 13.4 83 9.9 NS 
vaginal delivery rate 
Admission to neonatal 2 5.5 2 1.0 NS () () 4 0.5 NS 


unit for poor Apgar 
score at birth 





the control group. The influence of oxytocin on the 
incidence of fetal distress and operative delivery rates 
in the two groups was studied. 


Results 

During the period of study, 2238 cases satisfied the 
study criteria; in 1993 (89.1%) cases labor was estab- 
lished within the first 24 hours. In 1041 of these cases, 
the patients were admitted in the first 6 months of our 
study and formed the control group; 245 (10.9%) were 
diagnosed as being in spurious labor. A total of 168 
(7.5%) were established in labor after 24 hours but 
within 7 days of the first admission and formed our 
study group. 

The incidence of fetal distress was significantly 
higher in the spurious labour group (16.7%) than in 
the normal labor group (3.8%) (Table 1). Those with a 
reactive admission test had a significantly lower inci- 
dence of fetal distress when compared with those with 
an equivocal or ominous admission test in both groups 
of patients (Table 1). However, fetal distress was not 
uncommon in the spurious labor group even if the test 
was reactive, which suggests that the test is of little 
value in this group of patients. In the spurious labor 
group the positive predictive value of an abnormal ad- 
mission test was 37.5%; the positive predictive value of 


a normal admission test was 85.5%. The corresponding 
figures for the test in the control group were 15.3% 
and 96.8%. 

Obstetric interventions such as cesarean section, op- 
erative vaginal delivery, and augmentation of labor 
were significantly more common in the spurious labor 
group than in the control group (Table IHI). The in- 
cidence of induction of labor in the spurious labor 
group was 15.5%. Thus labor was induced or aug- 
mented in more than half the cases of spurious labor 
(51.2%). The general induction rate in our unit during 
the period of study was 5.8%. 

The use of oxytocin may have influenced the inci- 
dence of fetal distress and operative deliveries in the 
spurious labor group and the control group. In the 
spurious labor group 86 (51.2%) of 168 patients re- 
ceived oxytocin (26 or 15.5% for induction and 60 or 
35.7% for augmentation of labor) compared with 205 
(19.7%) patients with augmented labor in the control 
group. Fetal distress occurred in 22 (25.6%) of 86 who 
received oxytocin in the spurious labor group com- 
pared with 18 (8.9%) of 205 patients in the control 
group (p < 0.001) (Table IV). In the oxytocin group 
cesarean section and instrument-assisted delivery were 
also significantly more common among patients with 
spurious labor than among control subjects. Fetal dis- 
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tress was also significantly more common in the spu- 
rious labor group than in the control group even if 
oxytocin was not given (Table IV). 


Comment 


The endocrine mechanism that initiates labor is re- 
lated to an intrinsic balance of different hormones from 
both the maternal and fetal pituitary’: steroids, es- 
trogen, progesterone, prostaglandins, and oxytocin. 
There is no anatomic, physiologic, or pharmacologic 
evidence of a “pacemaker” in the uterus to coordinate 
uterine function, but there appears to be an intrinsic 
pattern of uterine contractile rhythm for each patient." 

A proportion of patients may have difficulty in get- 
ting established in labor because of a slight imbalance 
in the endocrine milieu or because of a lack of neu- 
romuscular coordination in the myometrium, resulting 
in cases of spurious or false labor. The absence of fun- 
dal dominance or predominance of the mid zone of 
the uterus can lead to painful contractions without pro- 
gression into established labor, and these cases have the 
clinical appearance of spurious labor. Such problems 
have been documented by the use of multichannel to- 
cotransducers placed from the fundus downward.’ 

A high incidence of fetal distress (16.7%) and op- 
erative interventions (41.0%) indicates that patients 
with spurious labor constitute a high-risk group. This 
finding has not been reported previously. In analyzing 
the results we looked for contributing factors such as 
induction and augmentation of labor that may be as- 
sociated with an increased incidence of fetal distress 
and operative deliveries. Although an induction rate of 
15.5% and an augmentation rate of 35.7% are not un- 
common in modern obstetric practice,” in this specific 
population with spurious labor they seem to contribute 
significantly to a higher incidence of fetal distress and 
operative deliveries (Table IV). The incidence of fetal 
distress was higher in the spurious labor group than in 
the control group even in the subpopulation who did 
not have oxytocin, which indicates the high-risk nature 
of this group. However, there were no differences in 
the operative delivery rate when oxytocin was not used. 

In this study the value of the admission test as an 
instrument to select cases more at risk was evaluated. 
The admission test is based on the hypothesis that uter- 
ine contractions may serve as a functional stress to the 
fetus and reveal fetal distress. In a previous study’ the 
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admission test was found to be useful in the detection 
of fetal distress on admission and also to be of some 
predictive value of fetal well-being during the next few 
hours of labor in cases where delivery occurred within 
24 hours of admission. In this study the incidence of 
fetal distress was significantly higher in patients who 
had an equivocal or ominous trace than in those who 
had a reactive admission test in both the spurious labor 
and the normal labor groups. However, a fairly high 
proportion of patients with reactive admission tests in 
the spurious labor group showed evidence of fetal dis- 
tress (14.4%); the positive predictive value of a normal 
test was only 85.5% compared with 96.8% in the control 
group. These results, when properly interpreted,” in- 
dicate that this test is of limited value for patients with 
spurious labor. 

This preliminary study suggests that patients with 
spurious labor constitute a special category needing 
careful monitoring since fetal distress appeared fre- 
quently in subsequent labor. Since there seems to be an 
association between the high operative delivery rate 
and fetal distress with the use of oxytocin, further stud- 
ies are needed to evaluate a proper policy of man- 
agement. 
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The anatomic distribution of cervical adenocarcinoma in situ: 


Implications for treatment 


Monique Bertrand, M.D., Gordon M. Lickrish, M.B., Ch.B., and Terence J. Colgan, M.D. 


Toronto, Ontario, Canada 


The anatomic distribution of cervical adenocarcinoma in situ was ascertained in 23 cases of 
adenocarcinoma in situ, 10 of which also had “early” invasive adenocarcinoma. The adenocarcinoma 

in situ involved both surface and gland epithelia in all cases, involved a variable number of quadrants, 
involved glands beneath the transformation zone in about two thirds of cases, was multifocal only 
occasionally, extended up the endocervical canal for a variable distance (up to 30 mm), and was 
associated with squamous dysplasia in about half of cases. From this topographic outline of 
adenocarcinoma in situ, it is recommended that if cervical conization is chosen as conservative therapy for 
adenocarcinoma in situ the “cone” be cylindrical in shape, to include the transformation zone and deep 
glands, and extend at least 25 mm up the endocervical canal. (Am J OsBsteT GYNECOL 1987;157:21-5.) 


Key words: Adenocarcinoma in situ of cervix, cervical conization, adenocarcinoma of cervix 


Cervical adenocarcinoma in situ is the putative pre- 
cursor lesion of invasive adenocarcinoma of the cer- 
vix.“ Although adenocarcinoma in situ is uncommon, 
patients with this disease are frequently young and may 
present difficult therapeutic choices between hyster- 
ectomy and cervical conization only. In our study, 
the anatomic distribution of cervical adenocarcinoma 
in situ and glandular dysplasia is assessed. The im- 
plications of these findings in the use of conization 
as treatment of preinvasive glandular neoplasia are 
discussed, 


Material and methods 


A review of the pathologic diagnostic index at the 
Toronto General Hospital from January 1980 to April 
1986 yielded 57 cases of adenocarcinoma involving the 
cervix. Of these cases, 24 were primary endocervical 
adenocarcinomas in which the following criteria were 
met: (1) The entire cervix of the hysterectomy specimen 
or the conization specimen had been submitted for his- 
tologic examination and was available for microscopic 
review; (2) the diagnosis was either adenocarcinoma 
in situ and/or glandular dysplasia or invasive adeno- 
carcinoma involving less than half of the cervical cir- 
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cumference. Three more cases of adenocarcinoma 
in situ were identified in the consultation files of the 
Canadian Reference Centre for Cancer Pathology. 
These 27 cases formed the basis of this study. 

The age, presenting symptoms, and colposcopic find- 
ings of patients with adenocarcinoma in situ were re- 
corded. The treatment of patients with adenocarci- 
noma in situ only was recorded. Follow-up of these 
patients was concluded in May 1986, yielding a follow- 
up period of between 2 and 66 months. 

The histologic slides from the radial sections of all 
hysterectomy and conization specimens and any pre- 
vious cervical biopsies were then reviewed in all 27 cases 
by a single pathologist (T. J. C.); in cases of adenocar- 
cinoma in situ, the resection margins of any conization 
specimen were recorded. 

The morphologic criteria for adenocarcinoma in situ 
have been described and defined by other authors.” 
In brief, the diagnosis of adenocarcinoma in situ is 
based on both architectural and cytologic features. In 
contrast to the normal, regular endocervical epithelium 
with its basal nuclei, neoplastic endocervical epithelium 
is multilayered or pseudostratified (Fig. 1). Glands may 
exhibit tight, compact glandular clusters (“tunnel clus- 
ters”)' and intraglandular epithelial “bridges.” The cel- 
lular epithelium shows packed nuclei oriented perpen- 
dicular to the epithelial basement. Cytologically, a 
marked increase in the nuclear: cytoplasmic ratio, in- 
creased nuclear hyperchromatism, and variable de- 
grees of nuclear pleomorphism and mitotic activity are 
seen. Cellular boundaries are indistinct (Fig. 2). Lesser 
degrees of these abnormalities have been labeled co- 
lumnar cell dysplasia by some authors.’ For the pur- 
poses of this study no grading of columnar cell abnor- 
mality was attempted. Instead endocervical epithelium 
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Fig. 1. Normal endocervical gland (top), with its regular, mucinous epithelium and basal nuclei, and 
adenocarcinoma in situ involving three glandular clefts (bottom) with a disorderly, cellular columnar 


epithelium. (Original magnification X 370.) 


Table I. Circumferential extent of 
adenocarcinoma in situ by quadrant 










Patients with im situ 
and invasive 
adenocarcmoma* 


Patients with 
adenocarcinoma 
in situ only 












One quadrant 
Two quadrants 
Three quadrants 
Four quadrants 
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*The extent of quadrant involvement could not be deter- 
mined in all patients with adenocarcinoma in situ and invasive 
carcinoma. 


exhibiting the above mophologic abnormalities was 
termed adenocarcinoma in situ. 

The following histologic parameters of adenocarci- 
noma in situ were studied in all cases with or without 
an associated invasive component with the use of all 
available cervical material from any case (biopsy, cone, 
and hysterectomy specimens): 

1. The presence or absence of endocervical surface 
and gland involvement was evaluated, 

2. The number of quadrants involved by adenocar- 
cinoma in situ was ascertained. 

3. Involvement of endocervical glands beneath the 
cervical transformation zone was studied. The trans- 
formation zone of the cervix is delimited by the func- 
tional squamocolumnar junction and the original 
squamocolumnar junction, as indicated by the “last” 
remaining endocervical gland beneath the squamous 
epithelium.” Endocervical glands remain beneath the 
maturing transformation zone and if they were in- 
volved by adenocarcinoma in situ the case was labeled 


as “adenocarcinoma in situ present beneath the trans- 
formation zone.” Although all cervices obtained at hys- 
terectomy showed the entire transformation zone, some 
conization specimens did not, and consequently study 
of these specimens may underestimate the involvement 
of endocervical glands beneath the transformation zone 
by adenocarcinoma in situ. 

4. The focality was analyzed. If adenocarcinoma 
in situ was present only in contiguous radial sections of 
the cervix, even if it was only focal in some slides, the 
case was labeled “unifocal.” On the other hand, if a 
complete radial cervical section showed no adenocar- 
cinoma in situ and separated two areas of adenocar- 
cinoma in situ, then the case was termed “multifocal.” 
Since a single section through a winding geographic 
pattern of adenocarcinoma in situ may yield several, 
apparently separate foci in a single slide, this find- 
ing was not accepted as “multifocal” adenocarcinoma 
in situ. 

5. The highest focus of involvement by adenocar- 
cinoma in situ of the endocervical canal was measured 
(a) in hysterectomy specimens from the maximal con- 
vexity of the cervix to the highest point of involvement 
of the endocervical canal or glands or (b) in cervical 
conization specimens from the exocervical resection 
margin to the highest point of involvement in the en- 
docervical canal or glands. All measurements were 
taken from histologic sections of a paraffin block of 
10% formalin-fixed tissue. No cervical specimen in this 
series was from a gravid uterus. 

6. Presence or absence of any associated squamous 
dysplasia or carcinoma in situ was studied. 

7. The type of adenocarcinoma in situ was ascer- 
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Cervical adenocarcinoma in situ 23 





Fig. 2. Adenocarcinoma in situ. Epithelial stratification and “bridging” with nuclear hyperchro- 
matism, pleomorphism, and mitotic activity. (Original magnification x 590.) 


tained. Gloor and Ruzicka’ have defined two types of 
adenocarcinoma in situ. Type I is described and illus- 
trated in Figs. 1 and 2, and type II is characterized by 
many of the same architectural and cytologic abnor- 
malities plus abundant cytoplasmic mucin.’ 


Results 


The 27 cases in this study were divided into three 
groups. In 13 patients the cervix showed adenocarci- 
noma in situ only, without any stromal invasion. The 
patients were aged 26 to 64, with a mean age of 36.4. 
In 10 patients the cervix showed adenocarcinoma 
in situ accompanied by invasive adenocarcinoma. These 
patients were aged 32 to 55, with a mean age of 40.8. 
Finally, in four patients the cervix showed invasive ad- 
enocarcinoma without adenocarcinoma in situ, and 
these cases were deleted from the study of the topog- 
raphy of adenocarcinoma in situ. 

One of 10 patients with adenocarcinoma in situ only 
and an available history had symptoms (postcoital 
bleeding) and a second patient had postmenopausal 
bleeding due to endometrial hyperplasia. The remain- 
ing eight patients had no symptoms at all, the majority 
of them having an abnormal cervicovaginal Papanico- 
laou smear. In contrast, five of seven patients with ad- 
enocarcinoma in situ and invasive adenocarcinoma had 
postcoital bleeding (the remaining two being asymp- 
tomatic), Although colposcopic abnormalities attribut- 
able to associated squamous dysplasia were found in 
the group with adenocarcinoma in situ, no specific 
colposcopic abnormality relating to adenocarcinoma 
in situ was detected. 

In the 23 patients with adenocarcinoma in situ of the 
cervix, with or without any associated invasive adeno- 


Table II. Highest focus of cervical 
involvement by adenocarcinoma in situ* 











No. of 


Distance (mm) patients 






0-4.9 2 
5-9.9 6 
10-14.9 6 
15-19.9 | 
20-24.9 3 
25-29.9 | 





*Measured from cervical portio vaginalis on hysterectomy 
specimens or exocervical margin of cervical cone. 


carcinoma, detailed studies were made. In all 23 pa- 
tients adenocarcinoma in situ involved both the surface 
and glandular endocervical epithelium, often with in- 
volvement of the deepest glandular clefts. The quad- 
rants involved by adenocarcinoma in situ were listed 
(see Table 1). In 15 of the 23 patients, adenocarcinoma 
in situ involved glands beneath the cervical transfor- 
mation zone. In seven patients, adenocarcinoma in situ 
was not identified beneath the cervical transformation 
zone. In one case, no transformation zone was present 
in the conization specimen. 

In 15 of the 23 patients, the adenocarcinoma in situ 
was unifocal. In three patients, involvement was mul- 
tifocal. In five patients, the focality of adenocarcinoma 
in situ could not be determined since the sequence of 
the radial sections of the cervix could not be established. 

The highest focus of cervical involvement by ade- 
nocarcinoma in situ was measured in 19 cases, and the 
results are presented in Table II. In four cases, this 
parameter could not be determined because adenocar- 
cinoma in situ was present in a biopsy specimen only 
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(one patient) or associated invasive adenocarcinoma 
that had spread upward at the upper endocervical mar- 
gin of adenocarcinoma in situ obliterated the native 
mucosa (three patients). 

Eleven of the 23 patients with adenocarcinoma in situ 
had squamous dysplasia or carcinoma in situ in addition 
to the glandular lesion. Although foci of type II ade- 
nocarcinoma in situ were occasionally seen, in none of 
the 23 cases was this type of adenocarcinoma in situ 
the predominant one. 

All 10 patients with adenocarcinoma in situ and in- 
vasive adenocarcinoma were treated with radical hys- 
terectomy and pelvic lymph node dissection. The 13 
patients with adenocarcinoma in situ and no invasive 
adenocarcinoma had a variety of treatments. 

Seven patients were treated by hysterectomy after a 
cervical conization (six patients) or by cervical biopsy 
(one patient); the five patients with follow-up have had 
no further problems with respect to cervical disease. 
Follow-up ranges from 2 to 66 months, with a mean of 
18 months. The six hysterectomy specimens from pa- 
tients who previously underwent conization did not 
show any residual adenocarcinoma in situ. Four of these 
conization specimens had shown no involvement of the 
cone resection margins, while one conization specimen 
showed adenocarcinoma in situ focally involving the 
exocervical resection margin. In the remaining patient 
the cone resection margins could not be determined. 

In one patient, adenocarcinoma in situ was discov- 
ered incidentally at a hysterectomy for uterine bleed- 
ing due to endometrial hyperplasia; she also remains 
well. In two patients adenocarcinoma in situ was di- 
agnosed on a cervical conization specimen, but no fur- 
ther follow-up was available. Three patients were 
treated by cervical conization only. All remain clinically 
well at 5, 21, and 25 months of follow-up; colposcopic 
and cytologic evaluations remain negative. In two of 
these three patients, adenocarcinoma in situ was not 
found on the cone resection margins, although one 
patient had a positive exocervical cone margin. 


Comment 


The mean age of our patients with adenocarcinoma 
in situ only was 36.5, which is comparable to the range 


of 33 to 42 previously reported.™ ° The mean age of 


our patients with adenocarcinoma in situ and “early” 
invasive adenocarcinoma was about 4 years older. Bous- 
field et al.'' noted that the mean age of patients with 
“microinvasive” adenocarcinoma was 5 years older than 
the mean age of patients with adenocarcinoma in situ 
only. 

Most patients with adenocarcinoma in situ only are 
entirely asymptomatic, as were nine of 10 in our se- 
ries.’* * © ' 12. © Nevertheless, some patients with 
adenocarcinoma in situ have presented with symp- 
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toms, such as vaginal discharge, postcoital bleeding, 
postmenopausal bleeding, and intermenstrual bleed- 
ing.** '»'* Some of the reported symptoms may have 
been due to other genital tract lesions; one of our pa- 
tients had associated postmenopausal bleeding second- 
ary to endometrial hyperplasia. Nevertheless, the pos- 
sibility remains that adenocarcinoma in situ may pro- 
duce symptoms; one of our patients had postcoital 
bleeding." 

The anatomic distribution of adenocarcinoma in situ 
has not yet been well defined. Our study revealed that 
in all cases of adenocarcinoma in situ, with or without 
invasive adenocarcinoma, the neoplastic process in- 
volved both the surface and the glandular endocervical 
epithelium. This finding corroborates previous studies 
showing this pattern.’ *” ' The finding of adenocar- 
cinoma in situ involving glands without surface involve- 
ment has been reported rarely.’ Sparing of the deepest 
glands of the endocervix by adenocarcinoma in situ was 
not noted in our series, although others have noted this 
tendency. 

The number of quadrants involved by adenocarci- 
noma in situ varied from one to four without any pre- 
dilection for limited or extensive involvement (Ta- 
ble I). The accumulated evidence to date about the 
circumferential extent of adenocarcinoma in situ has 
been conflicting, some authors indicating adenocarci- 
noma in situ to be focal or localized’ *° and others 
reporting adenocarcinoma in situ to be usually exten- 
sive.’ Ostor et al.° measured the width of involvement 
on a “spread-out” conization specimen and found it to 
vary from 0.5 to 25 mm, with a mean of 12 mm. In 
our series no correlation exists between the presence 
of invasive adenocarcinoma and the extent of adeno- 
carcinoma in situ. Specifically, even small areas of ad- 
enocarcinoma in situ were associated with invasive ad- 
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enocarcinoma. 

In about two thirds of our patients, adenocarcinoma 
in situ involved glands beneath the transformation 
zone. Rarely has mention of adenocarcinoma in situ 
beneath squamous metaplasia been made previously.’ 

Assessment of multicentricity of adenocarcinoma 
in situ has not usually been made in past re- 
ports.” * * ''* Definite multifocality in adenocarci- 
noma in situ would seem to occur in only a minority 
of cases.''*° According to our strict definition of mul- 
tifocality, only three of the 23 patients had multifocal 
adenocarcinoma in situ. Similarly, Ostor et al.° found 
three of 20 cases to be “multicentric.” Although one 
report found 10 of 14 cases of adenocarcinoma in situ 
to be “plurifocal” the criteria for this designation were 
not outlined.’ 

The highest focus of involvement of the endocervical 
mucosa by adenocarcinoma in situ varied considerably, 
although in 18 of 19 cases it was less than 25 mm from 
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the portio vaginalis. Another study has found a mean 
distance of 7 mm, varying from 0.5 to 30 mm. 

Adenocarcinoma in situ has previously been found 
to be associated in at least one half of cases with squa- 
mous dysplasia or carcinoma in situ.*™'™" In our series, 
11 of 23 patients had an associated squamous abnor- 
mality. 

Although Gloor and Ruzicka’ have identified a 
type II adenocarcinoma in situ of the cervix, in our 
experience and that of others, this type of adenocar- 
cinoma in situ coexists with the usual type I adenocar- 
cinoma in situ.’ 

Hysterectomy has been advocated as the most ap- 
propriate treatment for adenocarcinoma in situ since 
this procedure removes the entire endocervical mu- 
cosa.” Nevertheless, several authors*®” '' have either 
proposed or used conization as acceptable conservative 
therapy for cervical adenocarcinoma in situ. From our 
topographic study we can suggest an optimal cervical 
conization method if one seeks to excise adenocarci- 
noma in situ for diagnosis and treatment. The cone 
should be cylindrical, encompassing all of the trans- 
formation zone, if possible, and the depths of the en- 
docervical glands (5 mm from the canal); it should ex- 
tend parallel to the endocervical canal for at least 25 
mm before a 90-degree turn toward the endocervical 
canal. This yields a flat-based cone. We believe this 
method should encompass the vast majority of cases of 
adenocarcinoma in situ (about 95%), including the oc- 
casional multifocal cases and has a minimal likelihood 
of yielding a positive exocervical or endocervical mar- 
gin. If adenocarcinoma in situ did not involve the mar- 
gins of the cervical conization specimen, we did not 
find adenocarcinoma in situ in a subsequent hysterec- 
tomy specimen; this result agrees with the findings of 
others.” 
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for her technical assistance. 
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Histologic composition of endometrial carcinomas analyzed for 


steroid receptor content 


John T. Soper, M.D., Edwin B. Cox, M.D., Debra Budwit-Novotny, M.D. 
David G. Mutch, M.D., William T. Creasman, M.D., Kenneth S. McCarty, Sr., Ph.D., and 


Kenneth S. McCarty, Jr., M.D., Ph.D. 
Durham, North Carolina 


One hundred endometrial carcinoma specimens were analyzed for estrogen receptor content and 
histologic composition. Benign tissue elements were identified in the majority of tissue sections. Histologic 
control of endometrial carcinoma specimens submitted for steroid receptor analysis is critical, because 
biochemical assays of whole tissue homogenates cannot determine receptor localization among tissue 


components. (Am J Osstet GynecoL 1987;157:26-7.) 


Key words: Endometrial carcinoma, histologic composition, estrogen receptor content 


Several investigators have evaluated clinical and ther- 
apeutic significance of estrogen receptor and proges- 
terone receptor content in endometrial carcinomas. We 
previously reported that tissues from endometrial car- 
cinomas submitted for biochemical estrogen receptor 
and progesterone receptor analyses require strict his- 
tologic control to ensure that assays of binding in the 
whole-tissue homogenate are representative of the ma- 
lignancy.' The purpose of this study was to evaluate 
histologic composition of endometrial carcinoma spec- 
imens to determine the relative contribution of malig- 
nant and nonmalignant tissues to whole-tissue homog- 
enates assayed for steroid receptor content. 


Material and methods 


One hundred tissue specimens from endometrial 
carcinomas accessioned between 1980 and 1983 had 
sufficient tissue for biochemical analysis of steroid re- 
ceptors and histologic analysis of frozen section from 
the tissue specimen submitted for steroid receptor anal- 
ysis. Tissue was obtained by biopsy or from hysterec- 
tomy. Specimens were quick frozen after being washed 
in estrogen receptor assay buffer (0.005 mol/L HEPES, 
0.01 mol/L Tris, 0.0015 mol/L EDTA, 0.01 mol/L thio- 
glycerol, and 0.02% sodium azide at pH of 7.4) and 
maintained at —70° C until steroid receptor analyses 
were performed. Specimens were then stored in liquid 


From the Departments of Obstetrics and Gynecology, Pathology, and 
Internal Medicine, Duke University Medical Center. 

Supported in part by American Cancer Society Career Development 
Award and National Institutes of Health grants 5ROI CA 
389-02, POI CA 32672, and 5P01 CA 11265-15. 

Received for publication May 22, 1986; revised September 22, 1986, 
and December 2, 1986; accepted December 24, 1986. 

Reprint requests: John T. Soper, M.D., Box 3079, Duke University 
Medical Center, Durham, NC 27710. 


26 


nitrogen or at — 70° C (Revco freezer) before histologic 
analysis. 

For each specimen, biochemical estrogen receptor 
analysis was performed by methods previously de- 
scribed,’ including multiconcentration titration analysis 
(dextran—coated charcoal technique) and sucrose den- 
sity gradient analysis of estrogen binding. For the pur- 
pose of this study, saturable binding calculated to have 
a dissociation constant <10~'° by dextran—coated char- 
coal analysis or binding in the 4S through 8S region by 
sucrose density gradient analysis was considered the 
estrogen receptor content of the tissue homogenate. 

Histologic analysis was performed on thin (4 pm) 
sections made with the cryostat from tissue submitted 
for steroid receptor analysis and stained with hema- 
toxylin-eosin stain. Two observers independently quan- 
titated the visual estimate of tissue composition for each 
specimen, evaluating proportions of each of the fol- 
lowing histologic components: (1) malignant epithe- 
lium, (2) benign epithelium, (3) stroma, and (4) myo- 
metrium. A consensus tissue composition and histologic 
grade were generated for each specimen. Histologic 
differentiation was classified into three grades: grade 1 
lesions were composed of well-differentiated glandular 
elements, grade 2 lesions were intermediate in differ- 
entiation, and grade 3 lesions were composed predom- 
inantly of sheets of malignant cells with rare gland for- 
mation.” 


Results 


Thirty-seven specimens had grade 1, 37 had 
grade 2, and 26 had grade 3 lesions. Estrogen receptor 
content of tissue homogenate was associated with his- 
tologic grade. Median estrogen receptor content of dif- 
ferentiated (grades 1 and 2) lesions was 180 fmol/mg 
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protein (median fiftieth percentile 140 to 220 fmol/mg 
protein) versus 90 fmol/mg protein (median fiftieth 
percentile 0 to 130 fmol/mg protein) for undifferen- 
tiated (grade 3) lesions (Mann-Whitney U test, z = 

Myometrial and stromal elements were identified in 
the majority of tissue specimens whereas a few had 
significant benign epithelial components (Fig. 1). Ma- 
lignant epithelial elements accounted for <50% of sec- 
tions in 20% of specimens whereas only 5% of speci- 
mens were composed entirely of malignant epithelial 
elements (Fig. 1). The distribution of malignant epi- 
thelial elements did not differ significantly by histologic 
grade, accounting for a median 60% of specimen for 
grades | and 2 lesions and 55% of specimen for 
grade 3 lesions. 


Comment 


Histologic control of endometrial carcinoma speci- 
mens submitted for biochemical assays of steroid re- 
ceptor content is critical because biochemical assays are 
performed on tissue homogenates and do not yield 
information concerning histologic findings of tissue an- 
alyzed for steroid receptor. Conventional histologic 
analysis can be used to exclude specimens containing 
a paucity of carcinoma'; however, at best this can take 
the form of arbitrarily assigning an acceptable thresh- 
old for carcinoma content (e.g., 20%) and excluding 
specimens with malignant epithelial component less 
than this threshold. Furthermore, knowing the histo- 
logic composition of endometrial carcinoma specimens 
does not allow assessment of the relative contributions 
made by individual histologic components toward the 
total steroid receptor content as measured by biochem- 
ical assays of tissue homogenate. 

In this study histologic components other than ma- 
lignant epithelium accounted for the majority of tissue 
analyzed for receptor content in 20% of specimens. 
Only a few specimens were composed entirely of ma- 
lignant epithelial elements (Fig. 1). Cumulative distri- 
bution functions of histologic composition were similar 
among all histologic grades. Therefore, even in poorly 
differentiated (grade 3) lesions the potential exists for 
significant contribution by nonmalignant tissues to total 
receptor content as measured by standard biochemical 
assays. 






SPECIMENS (percentile) 
3 


Fig. 1. Cumulative distribution function of histologic com- 
ponents identified in endometrial carcinoma specimens ana- 
lyzed for steroid receptor content. This plot allows estimation 
of the distribution of each histologic component, as well as a 
visual comparison of the distribution of all components si- 
multaneously (e.g., 20% of specimens composed of <50% ma- 
lignant epithelium and 20% of specimens composed of >50% 


stroma). 


In breast carcinomas this issue is not important be- 
cause adjacent normal breast tissues contain low levels 
of receptor. However, normal endometrial and uterine 
tissues contain significant steroid receptor. Receptor 
content of normal endometrium may vary from dif- 
ferent regions within the uterus and under varying 
hormonal environments. The definitive method for 
histologic control and localization of steroid receptor 
content in endometrial carcinomas awaits the devel- 
opment of sensitive and specific immunohistologic 
techniques. Immunohistologic techniques for steroid 
receptor analysis must be validated by comparison with 
both standard biochemical steroid receptor assays and 
the biologic behavior of endometrial carcinomas, such 
as prognosis after primary therapy and response to 
hormonal therapy. 
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Diagnostic imaging of gynecologic tumors with the 


monoclonal antibody 791T/36 


M. C. Powell, A. C. Perkins, M. V. Pimm, M. Al Jetaily, M. L. Wastie, L. Durrant, 


R. W. Baldwin, and E. M. Symonds 
Nottingham, England 


One hundred twenty-three patients with suspected primary or recurrent gynecologic cancer were imaged 
after infusion with radiolabeled antitumor monoclonal antibody (791T/36). Overall sensitivity of tumor 
detection was 87% and specificity was 75%. Indium 111— and iodine 131—labeled antibody were 
compared, the former yielding a higher specificity for tumor detection. This antibody shows potential for 
routine tumor detection, particularly in cases of suspected recurrent cancer, but the development of 
antimouse antibodies is a drawback to this technique still to be overcome. The specific targeting of 
cytotoxic agents with this antibody is in progress. (Am J Osstet Gynecot 1987;157:28-34.) 


Key words: Diagnostic imaging, gynecologic tumors, monoclonal antibody 7911/36 


Monoclonal antibodies were first produced in 1975 
by the cell fusion technique of Kohler and Milstein.’ 
The purity and specificity that can be obtained with 
monoclonal antibodies have suggested that they may 
play an important role in tumor detection and poten- 
tially in the ultimate goal of targeting antitumor agents. 
Tumor localization by a radiolabeled monoclonal an- 
tibody was first described in the United Kingdom by 
Farrands et al.” in patients with colorectal cancer. The 
murine monoclonal antibody employed in this study 
was raised against a tumor-associated antigen with an 
in vitro cell line of osteogenic sarcoma as the immu- 
nogen by the Cancer Research Campaign Laboratories 
at Nottingham University, and it has been designated 
7911/36, Subsequent studies have shown this antibody 
to localize primary osteogenic sarcoma,’ and colonic’ 
and ovarian’ cancer. The imaging studies involving gy- 
necologic cancers have now been expanded. 


Material and method 


The monoclonal antibody 7911/36, an IgG2b mouse 
immunoglobulin, was isolated from hybridoma ascitic 
fluid by protein A affinity chromatography. Purified 
antibody was then radiolabeled with either iodine 131 
via an iodogen method or indium 111 after the label 
was conjugated to diethylenetriaminepentaacetic acid 
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Table I. Tumor distribution 






Tumor site 


Ovary 
Primary 7 7 14 
Recurrent 12 36 48 
Benign 12 4 16 
Cervix 
Primary l 8 9 
Recurrent 4 9 13 
Corpus 
Primary 2 4 6 
Recurrent 0 4 4 
Benign 3 5 8 
Nongynecologic 
Primary 2 3 5 
Recurrent 0 K- — 
Total 43 83 126 





dianhydride. Labeled preparations were then diluted 
in 10 ml of saline for injection and sterilized by terminal 
filtration. Either ''I or '''In, 40 to 70 mEq, was con- 


jugated with | to 2 mg of antibody. A subcutaneous 


test dose of one tenth of the imaging dose was given 
before infusion to test for anaphylaxis. Patients receiv- 
ing I-labeled antibody also required oral potassium 
iodine throughout the study to block thyroid uptake of 
free iodine. In addition, blood pool subtraction tech- 
niques were required for '*'I studies’ to correct for the 
nontumor distribution of labeled antibody. This was 
not necessary for indium-labeled antibody or for 
indium-labeled preparations. 

Imaging was performed between 48 and 72 hours 
after the antibody was administered. Images were ac- 
quired with an IGE 400T large-field-of-view gamma 
camera and stored by computer in a 64 X 64 or 128 x 
128 element matrix. Anterior and posterior views of 
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Fig. 1. Blood distribution of radioactivity after injection with iodine-labeled 7911/36. Radioactivity 
in each of the fractions is expressed as a proportion of the recovered counts. 
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Fig. 2. Gel filtration chromatography of '''In-labeled 
791T/36 preparation before injection and in patient's blood 
72 hours after injection. 


the pelvis, abdomen, and thorax were recorded. '''In- 
labeled antibody was more suitable for emission to- 
mography than ''I, and benefits of the additional in- 
formation with regard to tumor location were as- 
sessed. Tomography was performed by acquiring data 
throughout a 360-degree rotation of the gamma camera 
by use of both of the principal photopeaks of '''In as 
described previously.’ In addition, the specimens from 
patients undergoing tumor resection were imaged. 
Tissue samples were taken from the tumor and non- 
tumor areas. After the samples were weighed the ra- 





Fig. 3. Gamma camera images of the anterior pelvis 48 hours 


after injection of “'I-labeled 7911/36. An area of increased 
uptake on the right side of the pelvis seen on the subtracted 
image corresponds to the tumor site. 


dioactivity was measured in a well scintillation counter. 
The count rates were then expressed as a percentage 
of the administered dose. 

One hundred twenty-three patients were included in 
the present study. In all cases the clinician had a strong 
index of suspicion of primary or recurrent gynecologic 
malignancy (Table 1). In those patients with clinically 
suspected recurrent tumor, a second-look laparoscopy 
was carried out to confirm or negate the immunoscin- 
graphy findings. Where laparoscopic findings were 
inconclusive magnetic resonance scans were carried 
out. Although recently introduced, this latter technique 
has shown potential in imaging suspected recurrent 
ovarian cancer. 
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studies 


Ovary 
Primary 14 7 — 
Recurrent 48 5 5 
Benign 16 — 10 
Cervix 
Primary 8 l — 
Recurrent 12 3 l 
Corpus 
Primary 5 l — 
Recurrent 4 — — 
Benign 8 — l 
Nongynecologic 
Primary 5 l — 
Recurrent 3 — = 


Indium 111 






Iodine 131 





| 20 14 2 0 
2 * = l 3 ⸗ 
— * 4 = s 3 
0 0) 4 2 0) 2 
— l 3 — 0 
— — 2 2 0) 0 
2 "a * 3 2 aii 
— | 2 = l $a 
— inne 3 0 0 0 
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Total number of patients = 123: indium N = 43 and iodine N = 80 (three patient studies were not completed because of 


technical difficulties). 


Results 


The procedure was well tolerated in all patients re- 
ceiving the infusion for the first time. The antibody 
survived in circulation, predominantly (90%) in plasma, 
with little binding to mononuclear cells or granulocytes 
(Fig. 1). Gel filtration chromatography showed plasma- 
borne radiolabel predominantly as monomonic im- 
munoglobulin G, although with '''In as the radiolabel 
some labeled components of lower molecular weight, 
probably transferrin, were seen (Fig. 2). 

The results of the imaging studies involving 123 pa- 
tients are given in Table II. Three patients were ex- 
cluded owing to technical difficulties. It is evident that 
7911/36 with either ''I or '''In radiolabel has both a 
high sensitivity and specificity (87% and 75%, respec- 
tively) for the external detection of gynecologic cancer. 

Fig. 3 is an example of a "I-labeled antibody study 
of a patient with a clinically palpable mass in the right 
iliac fossa suspected to be a recurrence of a previously 
resected ovarian tumor. Images before and after sub- 
traction of the technetium 99m-—labeled blood pool im- 
age are shown. On the right side of the pelvis there is 
an increased area of antibody uptake, corresponding 
to the site of the suspected recurrence. This was sub- 
sequently confirmed by laparoscopy as a large recur- 
rent ovarian adenocarcinoma. Normal uptake of ra- 
dioiodine was seen in the thyroid, gastrointestinal mu- 
cosa, kidneys, and bladder. 

In contrast '"'In-labeled antibody had different 
in vivo biodistribution, with uptake of radiolabel into 
the liver, spleen, bone marrow, and occasionally the 
adrenal glands. Excretion of '''In into the bladder was 
not a problem. Accumulation of the '''In-labeled an- 
tibody was seen in bowel in a small number of patients, 


although tumor uptake could generally be seen above 
the background activity in normal bowel. 

Fig. 4, left, is an example of a '''In study. This shows 
images of a 74-year-old woman with malignant gran- 
ulosa cell tumor. There is an increased area of uptake 
centrally in the pelvis corresponding to the tumor site. 
Emission tomographic studies aided the definition of 
tumor site (Fig. 4, right). 

The sensitivity and specificity results for ovarian, cer- 
vical, and corpus tumors are in Table IHI. 

There were sufficient numbers of patients with ovar- 
ian tumors to split into “iodine” and “indium” groups. 
For ovarian tumors In had a sensitivity of 92% and 
specificity of 82%. In contrast, ™'I appeared to be more 
sensitive (100%) for the detection of ovarian malignant 
tissues but was less specific (75%). There were no false 
negative test results with '*'I studies but five false pos- 
itive results. These were probably due to artifacts re- 
sulting from the subtraction technique.” At histopath- 
ologic examination two of the benign ovarian cysts were 
found to be ovarian teratomas, both of which contained 
thyroid tissue, which might account for the concentra- 
tion of ''I that gave false positive results. The ''In- 
labeled antibody appeared to have greater specificity 
in the discrimination between malignant and benign 
ovarian lesions. 

In the group of 48 patients who were investigated 
for the presence of recurrent ovarian cancer, 25 had 
the disease. Thirteen of these had a clinically palpable 
mass, nine had recurrent disease confirmed by a 
second-look laparotomy or laparoscopy, and in three 
patients a pelvic magnetic resonance scan was per- 
formed. Nineteen of the 48 patients had negative re- 
sults of examination; 10 of these underwent a second- 
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Fig. 4. Gamma camera planar (left) and tomographic images of a patient with a primary malignant 
granulosa cell tumor of the ovary 72 hours after administration of '''In-labeled 7911/36. 


look laparoscopy, and four had magnetic resonance 
imaging of the pelvis. Five patients were thought to be 
clinically free of the disease at the time of immuno- 
scintigraphy. There were three false positive results in 
this group; one patient had laparotomy, and the tissue 
removed contained mainly fibrous elements with no 
active tumor. In two cases where ™I imaging gave false 
positive results, the laparoscopies were technically dif- 
ficult owing to the presence of adhesions obscuring the 
view of the pelvis. The subsequent well-being of these 
patients over 3 years indicated they were in fact free 
of tumor at the time of the examination. These latter 
two examinations were performed before magnetic res- 
onance imaging was available to verify the results. 
Fig. 5 is an example of '''In study of a patient with 


a Stage IV cervical carcinoma. Two extensive areas of 


increased uptake corresponding to the large tumor 
masses are demonstrated in the center of the pelvis. 
For cervical cancer there was a lower sensitivity when 
either an '''In- or I-labeled monoclonal antibody was 
employed. There were five false negative results; three 
of these patients had a large, clinically palpable mass 
confirmed as malignant cervical carcinoma by biopsy. 

Fig. 6 represents a ''I-labeled antibody study of a 
patient with a recurrent endometrial adenocarcinoma, 
demonstrating a focal area of increased uptake in the 
pelvis corresponding to tumor in the uterus. In this 


group of patients, five who were clinically suspected of 


having a pelvic malignancy had, at operation, con- 
firmed leiomyomas. Four of these had false positive 
results, two with '™'I- and two with '"'In-radiolabeled 
antibody. 

Resected specimens showed increased activity in the 
tumor, both when on imaging and when the tissue ra- 
dioactivity was assayed. Fig. 7 shows a'''In study of 26- 
year-old woman with a malignant cystadenocarcinoma 
of the ovary. In Fig. 7, A, an area of increased uptake 


Table III. Sensitivity and specificity 





Specifi city { Sp) 


Tumo 





Ovary 78 97.5 78.9 
Cervix 90) 65 100 
Corpus 17 85 60 
Se = T + ve Sp = T — ve 
F + ve F — ve T — ve F + ve 





can be seen on the left side, in what appears to be a 
large cystic lesion. This is better demonstrated on the 
scan of the resected specimen (Fig. 7, B), where there 
is marked uptake within a malignant solid area at the 
periphery of the lesion. The resected operative speci- 
men is shown in Fig. 7, C. Fig. 7, D, is an example of 
the tissue radioactivity found in the normal and malig- 
nant tissues of this patient. The tumor-to-normal ovary 
(taken from the contralateral side) uptake ratio of the 
resected specimens of gynecologic cancer studied was 


4:1. 


Comment 


A number of studies have now been reported of im- 
aging of patients with ovarian cancer by means of a 
radiolabeled monoclonal antibody.®* A pilot study of 
12 women with ovarian tumors was previously reported 
in which murine monoclonal antibody 7911/36 was 
used.” The present article documents our experience 
with 7911/36 in 123 patients, which includes 40 women 
with cervical and uterine tumors. No previous study 
involving radiolabeled monoclonal antibody imaging of 
this group of tumors has so far been reported. 

In ovarian, cervical, and uterine cancer the murine 
monoclonal antibody 7911/36 has been demonstrated 
to have a marked affinity for malignant tissue, with a 
high sensitivity and specificity. The choice of radio- 
nuclide for radiolabeling a monoclonal antibody for 


32 Powell et al. 


20 min 


July 1987 
Am ] Obstet Gynecol 





Fig. 5. Gamma camera images of the pelvis at 20 minutes (left) and 48 hours after injection of ‘'HIn- 


labeled 791T/36. Two main areas of uptake within the cerivcal carcinoma are demonstrated. 


I-131-791T/36 


Fig. 6. Gamma camera images of the pelvis 48 hours after 
injection of **'I-791T/36. A local area of increased uptake can 
be seen in the center of the pelvis, corresponding to the site 
of recurrence of an endometrial adenocarcinoma. 


imaging purposes is important. *I has a greater sen- 
sitivity in the detection of gynecologic malignancy but 
is less specific than '''In. There were a number of false 
positive I imaging results that likely resulted from 
incomplete subtraction of radioiodide in the urinary 
bladder. '''In, with its superior physical characteristics, 
appeared to be a more suitable radiolabel for gamma 
camera imaging. Although it is cleared at the same rate 
from the bloodstream, the tissue retention of '''In re- 
sults in a higher tumor-to-normal tissue image con- 
trast.’ In addition, '''In is more suitable for emission 
tomography, which leads to a more accurate localization 





of the antibody uptake site, and this may lead to a 
reduction in the number of false positive results. Al- 
though excretion into the urinary bladder is not a prob- 
lem with '''In-labeled monoclonal antibody, radioactiv- 
ity is actively taken into the liver and spleen. This there- 
fore prevents the use of '''In-labeled 791T/36 in the 
detection of liver metastases. The nonspecific bowel 
uptake sometimes seen with '''In studies may account 
for some of the false positive results that occurred with 
this radiolabel. In the 20 patients with cervical cancer 
who were imaged, there were five false negative results 
within the I group. In three cases a clinically palpable 
recurrent tumor was present. The exact reason for this 
is uncertain. No other false negative test results were 
observed with ovarian or corpus tumors. This may re- 
late to the squamous cell nature of these tumors, al- 
though a previous imaging study in patients with lung 
tumors has suggested that the tumor detection rate 
was more related to the size and site of the tumor than 
to histologic type.'' The single false negative result 
within the corpus group was related to the tumor be- 
ing less than 5 mm in diameter, which is probably be- 
yond the resolution of this technique at the present 
time. 

The diagnostic capability of radiolabeled monoclonal 
antibodies in gynecologic cancer is evident, but its clin- 
ical value in primary disease has to be demonstrated. 
Information regarding involvement of surrounding 
pelvic organs is limited. Of more value will be their use 
in assessment of patients with recurrent tumor. Lapa- 
roscopic assessment may be particularly inaccurate in 
relation to recurrent ovarian cancer.'* Second-look lap- 
arotomies provide more accurate information as to dis- 
ease extent but are associated with increased morbidity 
and mortality, and they still must be shown to benefit 
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Fig. 7. A, Gamma camera images of the abdomen (left) and pelvis (right) at 72 hours. Intense uptake 
is seen in the liver and spleen. There is a central layered cystic area on the pelvic image, with 
increased uptake at its upper margin. B, Gamma camera images of the resected specimen confirm 
uptake of antibody in an area of solid tumor within the cyst. C, Resected specimen including the 
other smaller cystic ovary. D, Plot of radioactivity per gram of resected tissue after dissection of the 
specimen. OM, Omentum; NO, normal ovary; OT, ovarian tumor; NT, normal tube; CW, cyst wall; 


OCF, outer cyst fluid: JCF, inner cyst fluid. 


the patient.” Magnetic resonance imaging is a new ra- 
diologic technique that, owing to its unique tissue dif- 
ferentiation qualities, may have an important role in 
evaluating patients with recurrent pelvic tumors, but 
again this must be determined. 

Sixty-five patients in our study group were imaged 
in order to ascertain whether they had recurrent gy- 
necologic cancer. In this group there was an overall 
label sensitivity of 92% and a specificity of 88%. There- 
fore this monitoring technique would appear to be use- 
ful in conjunction with other techniques that provide 
more anatomic demonstrations of the tissues. As an 
alternative to laparoscopy it would be necessary to ad- 
minister an imaging dose of antibody on a regular basis, 
raising the question of the development by the patient 
of antimouse antibodies. In our group of 65, nine pa- 
tients received two infusions, three received three, and 
two patients four infusions. Patients receiving up to 
three '''In-labeled antibody infusions showed increased 
uptake of radiolabel into the spleen, which was thought 


to represent splenic clearance of patient anti-antibody 
complex.'' This may affect the result of the scan, al- 
though in several of the cases other evidence of tumor 
absence or presence confirmed the result of the inves- 
tigation, In one patient who received a fourth infusion, 
a systemic reaction occurred with a grand mal epileptic 
seizure, despite a negative skin test. A blood sample 
taken at this ime demonstrated the formation of anti- 
antibody immune complexes. 

Anti-antibody production has been shown to con- 
tinue for up to 10 months after a single injection of 
radiolabeled 7911/36 antibody. The formation of 
these antimouse antibody responses may severely limit 
the use of immunoscintigraphy for repeat diagnostic 
imaging. 

Monoclonal antibodies have also been proposed for 
use in the targeting of cytotoxic agents. This would 
increase the drug concentration at the tumor site and 
reduce normal tissue toxicity. The use of radioisotope- 
labeled monoclonal antibodies for therapy has been 








reported with intraperitoneal injections of '*'I-labeled 
monoclonal antibodies.'* The 7911/36 antibody con- 
jugates have been constructed with conventional cyto- 
toxic agents and with ricin A chain immunotoxin,"’ and 
they have been shown to be effective against human 
tumor xenografts in immunodeprived mice. In gyne- 
cologic cancer the antibody 7911/36 has a sensitivity 
and specificity appropriate for the therapeutic appli- 
cation of such drug conjugates, and a phase 1 trial to 
evaluate immunotoxin conjugate in colorectal tumors 
is due to commence shortly. 

Therefore 7911/36 has a potential diagnostic role in 
the evaluation of patients with ovarian, cervical and 
corpus tumors and appears to offer a promising means 
for targeting cytotoxic drugs. The major problem still 
to be overcome in both these approaches to cancer di- 
agnosis and treatment will be the development of meth- 
ods to minimize the patient antimouse monoclonal 
antibody response, a potential drawback of these 
techniques. 


We would like to acknowledge the following people 
for their help: Mr. K. Blackband and the medical phys- 
ics technicians in nuclear medicine at the Queen’s Med- 
ical Centre for the imaging studies and Mr. I. Scott, 
Mr. P. Edington, Mr. A. W. Maxwell, Mr. G. M. Filshie, 
and Mr. R. T. Sears for permission to include their 
patients in this study. 
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Cigarette smoking and the risk of female reproductive cancer 


Heather G. Stockwell, Sc.D., and Gary H. Lyman, M.D., M.P.H. 


Tampa, Florida 


An epidemiologic study was conducted to evaluate the relationship between cigarette smoking and the risk 
of breast, endometrial, and ovarian cancers. Results indicated a clear reduction of risk for endometrial 
cancer among women aged 50 years and older who smoke cigarettes. Risks were significantly reduced 
among moderate smokers (odds ratio = 0.6), heavy smokers (odds ratio = 0.4), and former smokers 
(odds ratio = 0.6). No association was observed among women under age 50 years. When the 
relationship between cigarette smoking and breast cancer was investigated, no statistically significant 
association between cigarette smoking and the risk of breast cancer was observed except among women 
>50 years who were light smokers only. There was also a nonstatistically significant increase in risk 
among younger women smoking more than two packs of cigarettes a day (odds ratio = 2.0), but overall 
there was no evidence of any relationship. Similarly, no association between ovarian cancer and cigarette 
smoking was apparent, although there was a nonsignificant increase in risk among women under age 50 
years who smoked 40 or more cigarettes a day or were exsmokers. (Am J OBSTET GYNECOL 1987;157:35-40.) 


Key words: Endometrial cancer, smoking, ovarian cancer, breast cancer 


Cigarette smoking has been associated with an in- 
creased risk of cancers at various sites in women, as it 
has been in men. However, among women there has 
been additional discussion of a possible protective effect 
of cigarette smoking in the development of female re- 
productive cancers. Cigarette smoking may reduce the 
age of natural menopause in some women.' Not all 
studies have reported such a lowering, however.’ In 
addition, lower levels of urinary estrogens have been 
reported in cigarette smokers compared with non- 
smokers.’ These observations have led epidemiologists 
to study the relationship between cigarette smoking and 
three cancers thought to be estrogen related, specifi- 
cally cancers of the endometrium, ovary, and breast. 

Although the existing data for breast cancer are in- 
consistent, most investigators have found either no as- 
sociation between cigarette smoking and breast cancer 
or a slight decrease in risk among cigarette smok- 
ers.” *® One recent investigation involving a breast 
cancer screening population” reported an increased 
risk of breast cancer among premenopausal women 
who smoked, whereas no association was observed 
among postmenopausal women. 

The data suggesting an association between cigarette 


From the Colleges of Public Health and Medicine, University of South 
Florida. 


The incidence data used in this study were collected by the Florida 
Cancer Data System under contract (15A-0899) to the Florida 
Department of Health and Rehabilitative Services. The views ex- 
pressed are solely those of the authors and do not necessarily reflect 
the contractor or funding agency. 

Received for publication July 8, 1986; revised December 2, 1986; 
accepted February 18, 1987. 

Reprint requests: H. G. Stockwell, College of Public Health, Uni- 
versity of South Florida, 13301 N. 30th St., Tampa, FL 33612. 


smoking and endometrial cancer are more consistent. 
Three recent studies in the United States have sug- 
gested a decreased risk of endometrial cancer among 
cigarette smokers,” '' '* although one study of deaths 
caused by endometrial cancer found no association with 
cigarette smoking.'* Much less attention has been paid 
to possible relationships between ovarian cancer and 
cigarette use. Doll et al." reported a significant increase 
in the risk of ovarian cancer among British female phy- 
sicians compared with nonsmoking physicians. No sim- 
ilar excess has yet been reported among American 
cohorts." 


Material and methods 


The current study was designed to assess the impact 
of cigarette smoking on the risk of breast, endometrial, 
and ovarian cancers. An epidemiologic case-control 
study was conducted of all incident cases diagnosed in 
1981 among Florida residents. Cases consisted of 
women with breast cancer (ICD-0 174), endometrial 
cancer (ICD-0 182), and ovarian cancer (ICD-0 183). 
Control subjects consisted of all female residents of the 
state first diagnosed in 1981 with either colon cancer 
(ICD-0 153), rectal cancer (ICD-0 154), cutaneous mel- 
anoma (ICD-0 173, morphology 872-878), or endocrine 
neoplasms (ICD-0 194-4). Control sites were selected 
on the basis of an absence of a recognized association 
with cigarette smoking. 

The study population was identified through the rec- 
ords of the Florida Cancer Data System. This statewide 
cancer registry collects information on all cases of can- 
cer diagnosed in state-licensed hospitals in Florida. In 
addition to relevant hospitalization and tumor infor- 
mation, the Florida Cancer Data System collects data 
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Table I. Characteristics of subjects with cancer and control subjects 


Breast cancer Endometrial cancer 
cases cases 
as 













Controls 





Characteristic 


Ovarian cancer 
cases 


Age (yr) 
<50 838 16 113 8 138 16 364 g 
50-64 1624 3] 492 36 285 32 773 20 
65-74 1576 30 500 36 267 30 1284 33 
>75 1208 23 269 20 199 22 1500 38 
Race 
White 4853 93 1281 93 838 94 3726 95 
Nonwhite 365 7 87 7 49 6 184 5 
Unknown 28 0.5 6 0.4 2 0.2 10 0.3 
Marital status 
Single 290 6 71 5 79 9 232 6 
Married 3107 59 801 58 493 55 1914 49 
Divorced/widowed 1759 34 472 34 311 35 1723 44 
Unknown 90 l 30 3 6 l 52 ] 
Smoking habits 
Never smoked 2617 50 749 55 471 53 2111 54 
<20 cigarettes/day 471 9 93 7 69 8 248 6 
20-40 cigarettes/day 398 8 59 4 66 7 212 5 
>40 cigarettes/day 116 2 12 l 17 2 60 2 
Exsmoker 392 7 71 5 67 8 314 8 
Other tobacco 17 0.3 6 0.4 6 0.7 7 0.2 
Unknown 1235 24 384 28 193 21 969 25 
Total cases 5246 100 1374 100 S89 100 3921 100 


aa aaa 


on the birth date, race, sex, marital status, and smoking 
characteristics of all reported cases. Tobacco use is clas- 
sified by type of product (cigarette, cigar, pipe, or 
smokeless tobacco) and, for current cigarette smokers, 
packs of cigarettes smoked per day. For former smok- 
ers, no information on quantities previously smoked or 
the elapsed smoke-free interval is available. 

The measure of association between cigarette smok- 
ing and the risk of cancer used was the relative risk as 
estimated by the odds radio. To assess the cancer risks 
associated with cigarette smoking among younger and 
older women, odds ratios were calculated separately for 
those participants <50 years of age and those aged 50 
years and older as an approximate measure of meno- 
pause status. Because the control population was con- 
siderably older that the case population, age-adjusted 
estimates were calculated according to the method de- 
veloped by Woolf.'® Finally a series of multiple logistic 
regression models was used to calculate odds ratios ad- 
justed for age, race, tobacco use, and marital status. To 
adjust for the high percentage of unknowns in the 
smoking category, the category “smoking status un- 
known” was included in the logistic regression models. 


Results 


There were 5246 women with breast cancer, 1374 
women with endometrial cancer, and 889 women with 
ovarian cancer included as cases in this study. Control 
subjects consisted of 2416 women with colon cancer, 
899 with rectal cancer, 420 with cutaneous melanoma, 
and 186 with endocrine neoplasms. When case and 


control subjects were compared in terms of demo- 
graphic characteristics (Table 1), the control subjects 
tended to be older than the patients with either breast, 
endometrial, or ovarian cancer. There was little differ- 
ence in the composition of the groups by race or marital 
status. There was a tendency for a higher proportion 
of control women to report their marital status as wid- 
owed or divorced. The variation in marital status pri- 
marily reflected the higher proportion of control 
women in the oldest age groups. When the smoking 
characteristics of the study population were considered, 
50% of the patients with breast cancer, 55% of the 
patients with endometrial cancer, 53% of the patients 
with ovarian cancer, and 54% of control women were 
nonsmokers. 

Breast cancer. When the relationship between cig- 
arette smoking and the risk of development of breast 
cancer was considered, current cigarette smokers had 
a 50% greater risk of developing breast cancer than 
did nonsmokers (Table I1). When the number of cig- 
arettes smoked per day was considered, there was a 
significant excess risk at each smoking level but little 
evidence of any dose-response trend. Women smoking 
less than two packs of cigarettes a day had a 50% in- 
crease in risk, which increased to 60% among women 
smoking more than two packs a day. No excess risk was 
observed among former smokers. 

Because the relationship between the risk of breast 
cancer and cigarette smoking may vary by menopausal 
status, breast cancer cases were subdivided into women 
aged <50 years at diagnosis and women aged 50 years 
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Table II. Relationship between cigarette smoking and female reproductive cancers: unadjusted odds ratios 


cancer Endometrial cancer Ovarian cancer 


and confidence intervals 
Age group 


All ages <20 cigarettes/day 

20-40 cigarettes/day 

>40 cigarettes/day 
Exsmoker 

<20 cigarettes/day 

20-40 cigarettes/day 

>40 cigarettes/day 
Exsmoker 

<20 cigarettes/day 

20-40 cigarettes/day 

>40 cigarettes/day 
Exsmoker 


Before age 50 yr 


Aged 50 yr and older 


Table III. Relationship between cigarette smoking and female re 


ratios and confidence intervals 
Age group 


<20 cigarettes/day 

20-40 cigarettes/day 

> 40 cigarettes/day 
Exsmoker 

<20 cigarettes/day 

20-40 cigarettes/day 

>40 cigarettes/day 
Exsmoker 

<20 cigarettes/day 

20-40 cigarettes/day 

>40 cigarettes/day 
Exsmoker 


All ages 


Before age 50 yr 


Aged 50 yr and older 


or older. In younger women there were no Statistically 
significant excess risks observed, although there was 
evidence of a trend to higher risks with increasing num- 
ber of cigarettes smoked per day. Among younger 
women, risk estimates increased from 1.2 among light 
smokers to 2.3 among those smoking more than two 
packs of cigarettes per day. Former smokers continued 
to have no excess risk of breast cancer. Adjustment for 
differences in age between case and control subjects 
under age 50 years resulted in only a slight decrease 
in risk, with risks for heavy smokers decreasing from 
2.3 to 2.0 (Table ITI). 

Among women aged fifty years and older, there was 
a Statistically significant increase in breast cancer risk 
among smokers compared with nonsmokers. A 50% 
increase in risk was observed among women smoking 
less than 20 cigarettes a day, with a doubling of risk 
observed among those smoking 20 to 40 cigarettes a 
day. Among the heaviest smokers, an 80% increase in 
risk was observed. This risk appears slightly lower than 
that of the previous smoking category but is based on 
a small number of women and is not significantly dif- 
ferent from the previous estimate. However, adjust- 
ment for age had a major impact on these risk estimates, 
with risks decreasing to close to unity for each smoking 


1.5 (1.3, 1.8) 1.1 (0.8, 1.4) 1.2 (0.9, 1.7) 
1.5 (1.3, 1.8) 0.8 (0.6, 1.1) 1.4 (1.0, 1.9) 
1.6 (1.1, 2.1) 0.6 (0.3, 1.0) 1.3 (0.7, 2.2) 
1.0 (0.9, 1.2) 0.6 (0.5, 0.8) 1.0 (0.7, 1.3) 
1.2 (0.8, 1.8) 1.0 (0.5, 1.9) 0.5 (0.2, 1.1) 
1.4 (0.8, 2.0) 0.9 (0.4, 1.8) 1.0 (0.5, 2.0) 
2.3 (0.9, 6.2) 1.9 (0.4, 8.4) 2.8 (0.8, 10.0) 
1.3 (0.8, 2.2) 0.8 (0.3, 2.2) 2.0 (0.9, 4.1) 
1.5 (1.3, 1.9) 1.1 (0.8, 1.4) 1.4 (1.1, 1.9) 
2.0 (1.6, 2.4) 0.8 (0.6, 1.1) 1.6 (1.2, 2.2) 
1.8 (1.3, 2.5) 0.5 (0.2, 0.9) 1.0 (0.6, 2.0) 
1.1 (1.0, 1.3) 0.6 (0.5, 0.8) 0.9 (0.6, 1.2) 


productive cancers: age—adjusted odds 


Smoking category Endometrial cancer Ovarian cancer 


1.3 (1.1, 1.5) 0.9 (0.7, 1.1) 1.1 (0.8, 1.5) 
1.2 (1.0, 1.4) 0.7 (0.5, 0.9) 1.1 (0.8, 1.5) 
1.2 (0.8, 1.6) 0.6 (0.3, 1.0) 1.1 (0.6, 1.9) 
0.9 (0.8, 1.0) 0.6 (0.4, 0.8) 0.9 (0.7, 1.2) 
1.2 (0.8, 1.8) 0.9 (0.4, 1.8) 0.4 (0.2, 1.0) 
1.3 (0.8, 1.9) 0.9 (0.4, 1.8) 1.0 (0.5, 1.9) 
2.0 (0.8, 5.1) 1.9 (0.5, 7.8) 2.4 (0.8, 8.0) 
0.9 (0.5, 1.6) 0.9 (0.3, 2.3) 2.0 (1.0, 4.1) 
1.3 (1.1, 1.6) 0.9 (0.7, 1.2) 1.2 (0.9, 1.7) 
1.2 (1.0, 1.5) 0.6 (0.4, 0.9) 1.2 (0.8, 1.6) 
1.1 (0.8, 1.5) 0.4 (0.2, 0.8) 0.9 (0.5, 1.6) 
0.9 (0.8, 1.1) 0.6 (0.4, 0.8) 0.8 (0.6, 1.1) 


level, although the 30% increase in risk of light smokers 
remained statistically significant. 

Endometrial cancer. When the relationship between 
endometrial cancer and cigarette smoking was consid- 
ered, there was a clear indication of a decreased risk 
with increasing number of cigarettes smoked per day. 
The odds ratios decreased from 1.1 among light smok- 
ers to 0.6 among heavy smokers. However, the risk 
reduction was not statistically significant except for for- 
mer smokers. When the patients with endometrial can- 
cer were subdivided by age, different trends emerged 
for younger and older women. Among patients with 
endometrial cancer diagnosed before age 50 years, 
there was no evidence of an association between ciga- 
rette smoking characteristics and risk of endometrial 
cancer either before or after age adjustment of the risk 
estimates. Among women aged fifty years and older 
there was a clear trend of decreasing risk with increas- 
ing number of cigarettes smoked per day. Women 
smoking more than two packs of cigarettes a day had 
only 40% of the risk of endometrial cancer of non- 
smoking women whereas those smoking 20 to 40 cig- 
arettes a day had 60% of the risk of nonsmokers. 
Women who stopped smoking appeared to retain their 
lower endometrial cancer risk status. 
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tobacco use 


Tobacco use 


<20 cigarettes/day l 
20-40 cigarettes/day l 
>40 cigarettes/day l 
Exsmoker l 


Table V. Adjusted odds ratios for tobacco use 
and breast cancer by age group 


Cigarette smoking | Before age 50 yr | Age 50 yr and older 


<20 cigarettes/day 1.2 (0.8, 1.8) 1.3 (1.0, 1.5) 
20-40 cigarettes/day 1.3 (0.8, 2.0) 1.1 (0.9, 1.4) 
>40 cigarettes/day 9.1 (0.8, 5.8) 1.1 (0.8, 1.5) 
Exsmoker 1.2 (0.7, 2.0) 0.9 (0.7, 1.0) 


LL 


Ovarian cancer. Among patients with ovarian cancer, 
no relationship of risk to cigarette smoking character- 
istics could be observed. Among younger women there 
was some suggestion of an increased risk with increas- 
ing number of cigarettes smoked. Odds ratios increased 
from 0.5 among light smokers to > 2.0 among women 
smoking more than two packs of cigarettes a day. How- 
ever, the results were not statistically significant either 
before or after adjustment for age. Among older 
women, no clear pattern emerged. After adjustment 
for age there were no excess risks associated with any 
level of cigarette smoking. 

A logistic regression analysis was used to assess the 
relationship between each of these cancers and ciga- 
rette smoking after adjustment for differences in age, 
race, and marital status and those with unknown cig- 
arette use. Table IV indicates the tobacco-related ad- 
justed odds ratios for breast, endometrial, and ovarian 
cancers. The excess risk of breast cancer among ciga- 
rette smokers was reduced substantially after adjust- 
ment, with no remaining evidence of a dose-response 
trend or statistically significant elevations in risk except 
among light smokers. Because it appeared that the ad- 
justment process might be masking the risk among the 
younger but smaller number of patients with breast 
cancer, separate logistic models were developed for 
women under and over 50 years of age (Table V). For 
older women, results remained essentially identical to 
the combined analysis. Among younger women the ad- 
justed risks increased from 1.2 in light smokers to 2.1 
in heavy smokers, almost identical to the age only— 
adjusted risks, and remained not statistically significant. 
Among older women the excess risk associated with 
smoking 20 cigarettes a day or less was not statistically 
significant after adjustment for these additional factors. 

When the relationship between endometrial cancer 
and cigarette smoking was considered, a clear pattern 
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Table IV. Odds ratios for tobacco use and reproductive cancers adjusted for age, race, marital status, and 


Breast cancer Endometrial cancer 


Ovarian cancer 


0.9 (0.7, 1.2) 1.1 (0.8, 1.4) 
0.7 (0.5, 0.9) 1.2 (0.8, 1.6) 
0.5 (0.3, 0.9) 1.1 (0.6, 1.9) 
0.6 (0.5, 0.8) 0.9 (0.7, 1.2) 


of decreased risk with increasing use of cigarettes 
emerged. Smokers of a pack or more of cigarettes a 
day experienced a statistically significant reduction in 
risk of endometrial cancer compared with nonsmokers. 
The reduction in risk increased with the number of 
cigarettes smoked per day. There was a 50% decrease 
in the risk of endometrial cancer in the women smoking 
more than two packs of cigarettes a day. Women smok- 
ing between one and two packs a day had a 30% de- 
crease in risk, whereas smokers of less than one pack 
a day had a slight (10%) but not statistically significant 
decrease in risk. Former smokers had a 40% decrease 
in risk compared with nonsmokers. For ovarian cancer, 
no evidence of any association between the use of cig- 
arettes and cancer risk was observed. Odds ratios ap- 
proximated 1.0 at all smoking levels, indicating no as- 
sociation between cigarette use and risk of ovarian 
cancer, 


Comment 


This study confirms the observation of several other 
authors of a decreased risk of endometrial cancer in 
women who smoke cigarettes.” ''''* Results of the cur- 
rent study indicate that the decreased risk is limited to 
women aged 50 years and over. Among these women 
the risk of endometrial cancer decreased in a dose- 
response fashion as the number of cigarettes smoked 
per day increases. Women smoking less than 20 ciga- 
rettes a day have no significant decrease in risk. Women 
smoking one to two packs a day have an estimated 40% 
decrease in risk. Among heavier smokers, a 60% de- 
crease in risk of endometrial cancer is observed. Former 
smokers appear to retain a significant decrease in risk 
of endometrial cancer, having only 60% of the risk of 
nonsmokers. With no information available on length 
of smoking cessation or previous smoking habits of 
former smokers, it is not possible to determine whether 
former smokers retain their preferential risk status for 
long periods of time. Among women <50 years of age, 
no decreased risk of endometrial cancer associated with 
cigarette smoking was observed. 

The study also evaluated the relationship between 
cigarette smoking and the risk of ovarian and breast 
cancer. Analyses of the data for these two sites revealed 
no significant association between cigarette smoking 
and the risk of either ovarian or breast cancer. Among 
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younger women an increase in risk of breast cancer 
among cigarette smokers, particularly smokers of more 
than 40 cigarettes a day, was observed but was not sta- 
tistically significant. Schechter et al. have reported a 
significant increase in breast cancer in premenopausal 
women who smoke cigarettes attending a breast cancer 
screening program. In England, Vessey et al.* similarly 
noted a low risk of breast cancer among cigarette smok- 
ers. However, two recent investigations" found no as- 
sociation between cigarette smoking and breast can- 
cer risk in either premenopausal or postmenopausal 
women. 

Noting lower levels of urinary estrogens in cigarette 
smokers compared with nonsmokers, MacMahon et al. 
suggested that smokers may have a lower risk of breast 
cancer than nonsmokers. The current study found no 
evidence of a decreased risk of breast cancer among 
cigarette smokers. 

No association was observed between cigarette smok- 
ing and the risk of ovarian cancer among women of 
any age. If cigarette smoking has an “antiestrogenic” 
effect, no impact on the risk of ovarian cancer can be 
observed. 

In considering the findings of this study, several 
methodologic issues must be addressed. In the current 
investigation the smoking habits of women with breast, 
endometrial, and ovarian cancer were compared with 
women with other malignancies. If the smoking habits 
of women with cancers of these other sites do not reflect 
the smoking characteristics of the general population, 
bias in the calculation of the risk estimates could have 
occurred. Some support for the findings of this study 
could come from studies with similar findings that had 
used community control subjects. However, community 
control subjects have been used only rarely. The find- 
ings of the current study with regard to breast cancer 
are consistent with those of Lesko et al.,'' Smith et al.’ 
and Rosenberg et al.* All three studies used women 
with other malignancies as their control populations. 
Two studies that used community control subjects re- 
ported decreases in risk among cigarette smokers sim- 
ilar to those of the current study. In a study of endo- 
metrial cancer among women aged 55 years and under 
with community control subjects, Tyler et al.” observed 
a 30% decrease in risk of endometrial cancer among 
women aged 50 to 54 years who smoke cigarettes. Weiss 
et al.’ reported a 60% decrease in risk in women who 
had ever smoked after adjustment for age, parity, 
weight, hypertension, and estrogen use. Results of both 
studies are consistent with the decreased risk of en- 
dometrial cancer among cigarette smoking observed in 
the current study. 

The study population was divided into those <50 
and those >50 years of age as an approximate measure 
of menopause status. The median age of menopause 
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for American women appears to be around age 52 
years." * The selection of any specific age as a cutoff 
point is somewhat arbitrary when used as a surrogate 
measure for menopause status that does not occur at 
the same age in all women. However, calculation of 
age—specific odds ratios for women under 45, 45 to 49, 
50 to 54, and 55 years and older indicated that the risks 
experiences by women aged 45 to 49 more closely ap- 
proximated those of younger women whereas the risks 
of those aged 50 to 54 years resembled those of women 
aged 55 years and over, suggesting that age 50 years 
was the best cutoff point in the absence of data on 
menopause status. 

Use of the statewide population-based Florida Can- 
cer Data System permitted the study of a large number 
of cancer cases. However, the disadvantage of the reg- 
istry data set was the lack of information pertaining to 
risk factors such as obesity, parity, and exogenous €s- 
trogen use. Obesity was of particular concern as a pos- 
sible confounding factor because cigarette smokers may 
weigh less than nonsmokers.' Information of tobacco 
use was missing for approximately 25% of case and 
control subjects. To attempt to minimize any bias as- 
sociated with this lack of data, the logistic regression 
procedures adjusted to lack of tobacco data. Despite 
the lack of these data, the findings of the current study 
are in agreement with those of studies able to consider 
these additional risk factors.” "” 

The reduction in risk of endometrial cancer in post- 
menopausal women who smoke cigarettes has now been 
reported by a number of epidemiologic investigations. 
The current study has provided additional support for 
the causative nature of the relationship through doc- 
umentation of a clear dose-response relationship. Fur- 
ther elucidation of the mechanism by which cigarette 
smoking affects this reduction in risk is required. How- 
ever, from a public health perspective the relatively 
small reduction in the incidence of endometrial cancer 
attributable to cigarette smoking is far exceeded by the 
increase in incidence of other cancers in women who 
smoke cigarettes. 
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Uterine and umbilical artery velocimetry during normal labor 


A. Fleischer, M.D., A. A. Anyaegbunam, M.D., H. Schulman, M.D., G. Farmakides, M.D., 


and G. Randolph, B.S. 
Bronx and Mineola, New York 


Twelve normal parturients were studied with a continuous wave Doppler unit to assess changes in uterine 
and umbilical velocity waveforms during labor. The analysis of these waveforms included the peak 
systolic/end-diastolic ratio and the evaluation of a diastolic notch. Each woman served as her own control, 
and all fetal heart rate tracings were normal. In latent phase labor and intact membranes, the umbilical 
artery systolic/end diastolic ratios before, during, and after a contraction were 2 + 0.2, 2 + 0.3 and 

1.95 + 0.3 (N.S.). Similar results were obtained in the active phase, after rupture of membranes, or during 
oxytocin stimulation. This stability of the fetal cardiovascular system ensures an uninterrupted gas 
exchange process during the contractions (on the fetal side), enabling the great majority of term fetuses to 
tolerate labor with minimal if any metabolic changes. The uterine artery end-diastolic velocity fell 
progressively during the contraction, reaching 0 when the intrauterine pressure exceeded 35 mm Hg. 
Despite intrauterine pressure of >60 mm Hg, the diastolic notch did not appear. Thus at term, the 
umbilical artery velocity waveform does not change over a wide range of uterine pressures. The changes 
seen in the uterine artery waveforms suggest that the end-diastolic component is primarily determined by 
changes in the arcuate and spiral arteries, both of which are affected during the uterine contraction. (Am J 


Osstet GYNECOL 1987;157:40-3.) 


Key words: Doppler, systolic/end-diastolic ratio, uterine and umbilical artery waveforms 


Recent advances in Doppler technology have allowed 
obstetricians to study umbilical and uterine blood ve- 
locity patterns in the undisturbed human pregnancy. 
A progressive fall in vascular resistance as reflected by 


From the Department of Obstetrics and Gynecology, Bronx Municipal 
Hospital Center, Albert Einstein College of Medicine, and Win- 
throp University Hospital. 

Received for publication September 16, 1986; revised January 7, 
1987; accepted March 2, 1987. 

Reprint requests: A. Fleischer, M.D., Department of Obstetrics and 
Gynecology, Division of Maternal-Fetal Medicine, Long Island 
Jewish Medical Center, 270-05 76th Ave., New Hyde Park, NY 
11042. 


40 


changes in the velocity waveforms has been demon- 
strated during normal pregnancy for both uterine and 
umbilical circulations.'* The acute changes that may 
take place during labor or after rupture of membranes, 
however, are less well understood. These changes may 
be of importance in the understanding of fetal distress 
in labor and further our understanding of fetal ad- 
aptation to stress. 


Material and methods 

The patient population consisted of 12 pregnant 
women, at term, admitted to labor and delivery in latent 
phase labor with intact membranes. All had an uncom- 
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plicated antepartum course, and the estimated fetal 
weight was considered to be average for gestational age. 
Eight patients were multiparous and four were pri- 
miparous. With the patient in the lateral decubitus po- 
sition, the umbilical velocity waveforms were obtained 
by placing the transducer in the periumbilical area and 
changing the angle until a typical umbilical artery wave- 
form (Fig. 1) was obtained. The equipment and meth- 
odology used have been described in detail previously. 
In short, it consists of a continuous wave Doppler unit 
with a power density of 6.5 mW/cm, and a 4 mHz 
transducer. 

The Doppler shift is analyzed by a spectrum analyzer 
with Fast Fourier Transform. The waveforms obtained 
display the frequency vertically and time horizontally. 


Since Doppler shift is proportional to the velocity of 


the reflectant object, these waveforms represent the 
changes of blood velocity during the cardiac cycle. Con- 
tinuous recordings of these velocity waveforms are then 
stored on a JVC audio unit. 

During the initial study,’ the confirmation of the um- 
bilical artery was obtained by real-time imaging, but it 
soon became apparent that the umbilical artery wave- 


forms could be reliably obtained without the use of 


imaging devices. The measurements presented in this 
report were obtained without the use of such devices. 
These characteristic waveforms were then recorded be- 
fore, during, and after the contractions. 

The uterine artery waveforms were also obtained 
transabdominally by placing the Doppler probe in the 
right or left lower quadrant, aimed toward the lower 
uterine segment and moving it slowly until the appro- 
priate waveforms are seen. Once the typical arterial 
waveforms were obtained, they were recorded on a JVC 
audio unit before, during, and after the contraction 
without changing the position or angle of the trans- 
ducer. The onset, peak, and end of the contraction, 
as well as the intensity of the contractions (assessed 
every 10 seconds), were appropriately marked on the 
tape. 

These arterial waveforms were recorded during la- 
tent phase, active phase, and second stage of labor. 
Similar measurements were also taken before and after 
membranes ruptured. In five patients, the membranes 
ruptured spontaneously, whereas the other seven had 
artificial rupture of membranes. Four of the 12 patients 
had an arrest of labor and required oxytocin stimula- 
tion. All four patients had intrauterine pressure cath- 
eters placed before the infusion of oxytocin. For these 
patients, the measurements were also done immediately 
before and during the infusion of oxytocin. 

The analysis of the waveforms consisted of the 
calculation of systolic/end-diastolic ratio and the pres- 
ence or absence of a diastolic notch. The systolic/end- 
diastolic ratio used in the analysis represents the av- 
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Signal produced by Doppler transducer. 
S=Systolic, D =Diastolic 


Fig. 1. Umbilical artery velocity waveforms. 


erage measure of four different waveforms. The 
analysis was performed only on intervals in which the 
fetal heart rate stayed between 120 and 160 bpm. We 
used these numbers because of our previous observa- 
tion that within 120 to 160 bpm, changes in fetal 
heart rate will not cause significant changes in the sys- 
tolic/end-diastolic ratio. 


Results 


All twelve women had normal vaginal deliveries. The 
fetal heart rate tracings were normal with the exception 
of occasional variable decelerations noticed during the 
latter part of the second stage of labor. The mean birth 
weight was 3200 + 400 gm. All infants had l- and 
5-minute Apgar scores >7. None of the infants were 
admitted to the neonatal intensive care unit. The du- 
ration of labor (in the hospital) was 414 hours. 

Measurement of the umbilical artery systolic/end- 
diastolic ratios were taken during latent phase labor 
before, during, and after uterine contractions. Their 
mean + 2 SD were 2 + 0.25, 2 + 0.3, and 1.95 + 0.3, 
respectively. The differences were not statistically sig- 
nificant. Similar results were obtained for active phase 
and second stage labor. Table I illustrates the umbilical 
artery systolic/end-diastolic ratios (mean + 2 SD) after 
rupture of membranes and during oxytocin stimula- 
tion. There was no difference in the systolic/end- 
diastolic ratios after either of these obstetric proce- 
dures. Uterine artery waveforms, however, changed 
during the contractions (Fig. 2). 

A progressive decrease in the diastolic component 
occurred with an increase in intrauterine pressure. At 
pressures >35 mm Hg the end-diastolic velocity be- 
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Fig. 2. Changes in uterine artery waveforms during contractions. 


Table I. Umbilical artery systolic/end-diastolic 
ratios* after rupture of membranes or during 
oxytocin stimulation 














Between During 
contractions contractions 


Intact membranes 2 + 0.25 2+0.3 
Ruptured membranes 1.95 + 0.25 2 + 0.25 
Before oxytocin 212 O03 2+ 0.3 
During oxytocin 1.9 + 0.2 2 + 0.2 





*(x + 2 SD). 


came 0. At no time during the contraction did we note 
the appearance of a diastolic notch. 


Comment 


Our results confirmed the report by Stuart et al." 
regarding the lack of changes of umbilical artery wave- 
forms during labor. Furthermore, we are able to doc- 
ument the absence of changes in the umbilical artery 
velocity systolic/end-diastolic ratio throughout labor 
and over a wide range of intrauterine pressures. Sum- 
ulation with oxytocin or labor in the presence of rup- 
ture of membranes did not seem to change the velocity 
patterns. McCallum et al.’ reported a patient in whom 
there was an abnormal systolic/end-diastolic ratio in the 
presence of premature rupture of membranes. In that 
patient the pregnancy ended in a stillbirth. It is there- 
fore possible that factors other than just premature 
rupture of membranes were responsible for the ab- 
normal velocity waveforms in that particular patient. 

The velocity waveforms represent changes in the fre- 
quency of the reflected sound wave (vertically) as a 
function of time (horizontally). The frequency of any 
reflected sound is proportional to the speed with which 


the reflecting object moves. In our case the reflecting 
objects are the red blood cells. Therefore it is reason- 
able to assume that changes noted in these waveforms 
will reflect changes in blood velocity. 

The ascending slope represents the increase in blood 
velocity at the beginning of systole and is determined 
primarily by stroke volume. The descending slope rep- 
resents the fall in blood velocity during diastole and is 
determined primarily by vessel wall compliance and the 
peripheral resistance of that particular vascular bed. 
Throughout labor, with intact or ruptured membranes, 
we could find no change in the umbilical artery wave- 
forms. One may then postulate that fetal cardiac stroke 
volume (as reflected by ascending slope) and placental 
vascular resistance (as reflected by the diastolic velocity) 
are remarkably stable in the term fetus despite a wide 
range of intrauterine pressure (10 to 60 mm Hg). This 
stability of the fetal cardiovascular system ensures an 
uninterrupted gas exhange process during the con- 
tractions (on the fetal side), which enables the great 
majority of term fetuses to tolerate labor with minimal 
if any metabolic changes. 

The changes in uterine velocity waveforms during 
labor were of considerable interest. Before labor, the 
changes in uterine artery velocity waveforms, which 
characterize the normal pregnancy, consist of the loss 
of diastolic notch and a progressive decrease in the 
systolic/end-diastolic ratio." In normal pregnancies 
these changes are seen as early as 16 weeks’ gestation, 
are completely developed at 26 weeks, and are relatively 
unchanged for the remainder of the pregnancy. We 
postulate that these changes in the velocity waveforms 
reflect the improvement in arterial wall compliance and 
the development of the uteroplacental vascular bed. 
During the uterine contractions, the spiral arteries are 
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being constricted in proportion to the intensity of the 
contraction. The impact of these changes on the uterine 
artery waveforms is a progressive fall of the diastolic 
velocity. The end-diastolic velocity reaches 0 when in- 
trauterine pressure exceeds 35 mm Hg. Despite pres- 
sures as high as 60 mm Hg, no diastolic notch was 
noticed. This suggests that the end-diastolic component 
is primarily determined by changes in the arcuate and 
spiral arteries, both of which are affected during the 
uterine contraction. 

In contrast to these changes, pregnancies compli- 
cated by severe preeclampsia, for example, will have 
abnormal uterine artery waveforms characterized by a 
high systolic/end-diastolic ratio and a distinct diastolic 
notch, similar to that seen early in pregnancy or in the 
nonpregnant state.* The genesis of this abnormal pat- 
tern during the third trimester of pregnancy is not well 
understood. However, inferring from the changes just 
described during labor, one may postulate that the 
mechanism involved includes not only peripheral va- 
soconstriction (reflected by a high systolic/end-diastolic 
ratio) but also lack of development of uterine artery 
compliance. 

The following conclusion can be made: (1) The um- 
bilical artery velocity waveforms seen in the term av- 
erage for gestational age infant do not change during 
labor. This status quo does not seem to be affected by 
the stage of labor, status of membranes, or oxytocin 
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stimulation. (2) The uterine artery velocity waveforms 
do change during labor. The change consists of a pro- 
gressive fall in the diastolic velocity, the degree of which 
is related to the intensity of the uterine contractions. 
With intrauterine pressures >35 mm Hg, no forward 
end-diastolic flow is noticed. 
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Percutaneous ultrasound-guided fetal blood sampling in the 
management of nonimmune hydrops fetalis 


Fon-Jou Hsieh, M.D., Fong-Ming Chang, M.D., Tsang-Ming Ko, M.D., and 


Hsi-Yao Chen, M.D. 
Taipei, Taiwan, Republic of China 


Nonimmune hydrops fetalis can be caused by fetal chromosomal, hematologic, cardiac, or infectious 
conditions. A fetal blood sample obtained from percutaneous ultrasound-guided fetal blood sampling can 
offer vital information about the underlying cause of nonimmune hydrops fetalis, and perinatal 
management can be planned accordingly. Ten cases of nonimmune hydrops fetalis were investigated with 
percutaneous ultrasound-quided fetal blood sampling and subsequent fetal blood analysis. Nine were 
proved to be Bart's hemoglobin hydrops fetalis, with 78.2% to 99% of Bart's hemoglobin in the fetal blood. 
Terminations of pregnancy were undertaken immediately, resulting in a lowered maternal morbidity rate. 
Free cord loops or an intra-abdominal portion of the dilated umbilical vein can be used for percutaneous 
fetal blood sampling in nonimmune hydrops fetalis when the placental cord insertion is difficult to visualize. 
Percutaneous ultrasound-guided fetal blood sampling and subsequent fetal blood analysis will eventually 
play a key role in the management of the puzzling nonimmune hydrops fetalis if the safety of 
ultrasound-guided fetal blood sampling can be verified by further clinical studies. (Am J OBSTET GYNECOL 


1987;157:44-9.) 


Key words: Nonimmune hydrops fetalis, ultrasound-guided fetal blood sampling, 


a-thalassemia, Bart's hemoglobin hydrops fetalis 


Nonimmune hydrops fetalis carries substantially 
high perinatal mortality and maternal morbidity rates.' 
Etiologically it is a heterogeneous group. Chromo- 
somal, hematologic, cardiac, and infectious causes have 
all been described.” * The diagnosis of nonimmune hy- 
drops fetalis is not difficult. However, to define its un- 
derlying cause is not an easy task. Although ultrasound 
is helpful in conditions like fetal cardiac malformation 
or arrhythmia, it alone cannot reliably predict prog- 
nosis and survival.‘ A fetal blood sample obtained un- 
der ultrasound guidance can be of enormous help in 
elucidating the underlying cause of nonimmune hy- 
drops fetalis and in guiding the ensuing management, 
since it can provide critical clues about the chromo- 
somal, hematologic, and infectious states of the fetus. 

a-Thalassemia accounts for 56.7% of nonimmune 
hydrops fetalis in Taiwan.’ Even in the United States 
and other parts of the world, it is increasingly seen as 
a cause of nonimmune hydrops fetalis accompanying 
an influx of Southeast Asian immigrants.” ’ 

Fetal blood sampling along with simple hemoglobin 
electrophoresis will provide rapid diagnosis of this 
hopeless fetal condition, and the ensuing early termi- 
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nation could minimize the high risk of maternal com- 
plications through careful obstetric management. Since 
nonimmune hydrops fetalis of other etiology may not 
be fatal once the lethal Barts hemoglobin hydrops fe- 
talis is excluded by fetal blood electrophoresis, aggres- 
sive perinatal management can be instituted by ex- 
ploiting information yielded from further analysis of 
the fetal blood sample. 

Since July 1985 we have added ultrasound-guided 
fetal blood sampling to our management protocol for 
nonimmune hydrops fetalis. We report our l-year ex- 
perience herein. 


Material and methods 


From July 1985 to June 1986, 10 pregnant women 
were referred to National Taiwan University Hospital 
for consultation because of previous or present hydrops 
fetalis. Gestational age ranged from 21 to 35 weeks 
(mean, 29.7 weeks). All mothers were Rh D positive, 
with four of them having had a previous hydropic birth. 
On ultrasound examination all the fetuses were frankly 
hydropic except one case (case 1) (Table 1). Careful 
ultrasound scanning revealed no other evident mal- 
formation. Special attention was paid to the fetal heart 
structure and rhythm and the presence of placental 
tumor. Oligohydramnios and bulky placenta were 
noted except in cases | and 2. 

Since a-thalassemia was the most frequent cause of 
nonimmune hydrops fetalis in this geographic region, 
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Table I. Age, gestational week, history, and ultrasound findings in all cases in this series 











Gestational Previous 


age (wk) 


i 







Ultrasound finding 





Amniotic fluid 


l 29 21 Yes (etiology?) Normal thickness, previa Polyhydramnios 
2 27 31 Yes (etiology?) — hydrops Bulky Normal amount 
3 27 35 No Frank hydrops Bulky Oligohydramnios 
4 28 35 Yes (etiology?) Frank hydrops Bulky Oligohydramnios 
5 23 30 No Frank hydrops Bulky Oligohydramnios 
6 26 $2 No Frank hydrops Bulky Oligohydramnios 
7 23 25 No Frank hydrops Bulky Oligohydramnios 
8 35 25 Yes (etiology?) Frank hydrops Bulky Oligohydramnios 
9 31 31 No Frank hydrops Bulky Oligohydramnios 
10 30 32 No Frank hydrops Bulky Normal amount 





ultrasound-guided fetal blood sampling for fetal blood 
hemoglobin electrophoresis was suggested as the initial 
step of management. After the parents were counseled 
according to the existing information about ultrasound- 
guided fetal blood sampling, all couples elected to have 
the procedure. 

After abdominal skin was twice sterilized with 
povidone-iodine-alcohol solution, the placental cord in- 
sertion was identified by careful scanning with a sector 
scanner (Model SSD-280, 3.5 MHz, long focus, Aloka 
Co., Tokyo, Japan). The needle guide was attached at 
a 45-degree angle to the sector probe. A puncture line 
was generated on the monitor screen to indicate the 
needle path. After a proper cord segment adjacent to 
the placental cord insertion was selected, a puncture 
line was made crossing the target. A 22-gauge needle 
with stylet was rapidly advanced through the needle 
guide to penetrate maternal skin, uterine wall, some- 
times placenta, and amniotic cavity, until it reached the 
margin of the cord. The venous wall was then pene- 
trated with a short thrust of the needle, and the echo 
of needle tip could be seen lying within the lumen. 
Three to ten milliliters of fetal blood was then aspirated 
with a disposable syringe without anticoagulant. The 
blood obtained was rapidly dispensed to adequate con- 
tainers for various analyses. In later cases in this series 
mean corpuscular volume of the aspirated blood 
was checked immediately to confirm its fetal nature 
(case 4, 116 fl; case 7, 140 fl; case 10, 135 fl). No local 
anesthetic was given, since in most cases only one punc- 
ture was needed. Bleeding from the punctured cord 
was closely observed. Fetal heart beat was monitored 
immediately after the procedure and the next day. He- 
moglobin was electrophoresed by cellulose acetate 
membrane electrophoresis. The results were usually 
available the next day. 

In cases where the cord insertion into the placenta 
was difficult to visualize, a segment of cord in a super- 
ficial amniotic fluid pouch or the intra-abdominal por- 
tion of the dilated umbilical vein was used for sampling 
(Fig. 1). 


Results 


Fetal blood samples were successfully obtained in all 
but one case (case 3). The details of fetal blood sampling 
and the results of hemoglobin electrophoresis are 
shown in Table II. Eight fetuses had a substantially high 
percentage of Barts hemoglobin, warranting a diag- 
nosis of Barts hemoglobin hydrops fetalis. In these 
cases terminations were performed without delay to 
avoid maternal complications. 

Case 2 had only 10% of Bart’s hemoglobin in the 
aspirated cord blood; this was confirmed postna- 
tally. This fetus was postulated to have homozygous 
a,-thalassemia. Theoretically this would not result in 
hydrops fetalis. However, the couple already had a hy- 
dropic baby. They had normal mean corpuscular vol- 
umes, and careful antibody screening revealed no ab- 
normalities. In spite of full-blown hydrops fetalis the 
thickness of the placenta (5 cm) and the amount of 
amniotic fluid remained normal in this case. These find- 
ings were different from those in Bart's hemoglobin 
hydrops fetalis. Since the cord blood contained only 
10% Bart's hemoglobin, congestive heart failure of an- 
other cause was suspected. Maternal digitalization and 
furosemide therapy were tried, but the hydrops de- 
veloped rapidly. Labor was induced | week later in the 
hope of salvaging the baby through aggressive post- 
natal management. However, the neonate died shortly 
after birth in spite of vigorous supportive measures. 
Postnatal fetal blood analysis revealed normal karyo- 
type and no signs of intrauterine infection. Autopsy 
revealed no suggestive clues. 

For case 3, although hemoglobin electrophoresis of 
the aspirated sample revealed pure maternal blood, no 
further attempts were made to obtain fetal blood. The 
patient was noted to have acute hepatitis with deep- 
ening jaundice. Spontaneous labor resulted in delivery 
of a hydropic baby who died minutes after birth. Cord 
blood analysis revealed 80% Barts hemoglobin. The 
mother gradually recovered after delivery. 

Case 1 was the only case without frank hydrops fetalis 
at the time of ultrasound-guided fetal blood sampling. 
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Fig. 1. In nonimmune hydrops fetalis with oligohydramnios an intra-abdominal portion of umbilical 


vein (black arrow) or a free cord loop (white arrow) can be used for needle insertion in ultrasound- 


guided fetal blood sampling. P denotes placenta 


The couple already had a normal child and a hydropi 
birth. No investigations on the previous hydropic birth 
were done. The mean corpuscular volumes of both 
parents were abnormally low. Ultrasound scanning at 
21 weeks revealed a fetus with adequate growth. Poly- 
hydramnios was the only abnormal finding (Fig. 2). In 
view of the history and the low mean corpuscular vol- 
umes of both parents, ultrasound-guided fetal blood 
sampling was performed, and the fetus indeed had 
Bart's hemoglobin hydrops fetalis. The pregnancy was 
terminated 3 weeks later. The delay was due to the 
parents’ reluctance to accept the diagnosis. By that ime 
fetal ascites was clearly visible. The fetal diagnosis was 
confirmed postnatally. 

Significant obstetric complications were noted in 20% 
(two in 10) of this series. The most significant obstetric 
complication was noted in case 6. Emergency cesarean 
section was performed because of vaginal bleeding dur- 
ing induction of labor. Postoperative uterine bleeding 
necessitated a 2000 ml blood transfusion. Mild dissem- 
inated intravascular coagulation and aspiration pneu- 


monia were also noted; these resolved after treatment. 
The patient recovered completely. The mother in 
case 10 had severe preeclampsia that resolved after 
delivery. 

Bleeding from the punctured cord was observed in 
20% of cases. Intrauterine fetal death occurred in two 
cases | and 3 days after ultrasound-guided fetal blood 
sampling. However, complete loss of baseline variability 
and severe decelerations of the fetal heart rate tracing 
were already present before ultrasound-guided fetal 


blood sampling. 


Comment 


With widespread use of anti-Rh immunoglobin, Rh 
isoimmunization has decreased markedly, and the diag- 
nosis and management of nonimmune hydrops fetalis 
have become increasingly important. a-Thalassemia is 
one of the known causes of nonimmune hydrops fetalis 
and accounts for a substantial proportion of cases in 
Southeast Asia.*'’ However, with increasing immigra- 
tion this disease entity has become a worldwide health 
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Fig. 2. Hemoglobin electrophoresis of fetal blood obtained from ultrasound-guided fetal blood 
sampling: A, normal fetal blood; B, maternal blood (case 3); C, Bart’s hemoglobin hydrops fetalis; 


D, homozygous a,-thalassemia (case 2). 


problem. Guy et al.° experienced five cases in New York 
City during a 14-month period and called it an “emerg- 
ing public health problem in the United States.” Na- 
kayama et al.’ also described 18 cases in a Hawaiian 


hospital. 


Ideally a screening program for high-risk women of 


Southeast Asian origin, such as that of Stein et al.,'' 
could be applied to detect the possibly affected preg- 
nancy at the first trimester. Chorionic villus sampling 
and DNA analysis can then be used for prenatal di- 
agnosis. However, this is far from realization even in 
these Southeast Asian countries. Without screening, 
many affected cases of a-thalassemia will present as full- 
blown hydrops fetalis. The management clearly needs 
differentiation from that in nonimmune hydrops fetalis 
of other causes. Ultrasound-guided fetal blood sam- 
pling could provide a rapid answer in this situation. 
Some will of course present for prenatal diagnosis be- 


cause of a history of hydrops fetalis. Ultrasound-guided 
fetal blood sampling will also be of help in some of 
cases, as it was in case | of our series. Although the 
fetus showed no sign of edema at 21 weeks, polyhy- 
dramnios alerted us to perform ultrasound-guided fe- 
tal blood sampling and confirmed the diagnosis well 
before hydrops fetalis developed. 

In the a-thalassemia series of Liang et al.” 28% al- 
ready had hydropic babies, whereas 40% in our series 
had hydropic infants. For those who have a history of 
hydrops, Liang et al.” proposed diagnosis in the early 
second trimester and termination of the affected preg- 
nancy to avoid maternal morbidity. For cases of hydrops 
detected in the late second or early third trimester, both 
Guy et al.” and Liang et al.” recommended amniocen- 
tesis to obtain amniotic cells for a-globulin gene anal- 
ysis. In our opinion chorionic villus sampling and DNA 
analysis should be recommended for those patients 
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Table II. Details of percutaneous fetal blood sampling, the outcome and complications in this series 





Through Cord 
Site of puncture placenta bleeding 
No No 





Blood aspirated 
and Hb analysts 


l Clear Cord insertion 3 ml fetal 
Bart's Hb 78.2% 
2 31 Clear Cord insertion No Yes 3 ml fetal 
Bart's Hb 10% 
3 35 Clear Free cord loop No No Maternal blood 
4 35 Obscured Free cord loop Yes No 5 ml fetal 
Barts Hb 96.9% 
5 30 Obscured Free cord loop Yes No 5 ml fetal 
Barts Hb 80.3% 
6 32 Obscured Free cord loop No No 10 ml fetal 
Bart’s Hb 93.7% 
7 25 Obscured Free cord loop No No 5 ml fetal 
Barts Hb 96.5% 
8 25 Obscured Intra-abdominal portion, Yes No 4 ml fetal 
umbilical vein Barts Hb 91% 
9 31 Obscured Intra-abdominal portion, No No 3 ml fetal 
umbilical vein Barts Hb 85% 
10 32 Obscured Free cord loop No Yes 3 ml fetal 





Bart's Hb 99% 


UFBS = Ultrasound-guided fetal blood sampling; Hb = hemoglobin; NND = neonatal death; IUFD = intrauterine fetal 
death; C/S = cesarean section; DIC = disseminated intravascular coagulation. 


with a history of hydrops fetalis to exploit the advantage 
of a first-trimester diagnosis. For those cases detected 
at late second and early third trimester, ultrasound- 
guided fetal blood sampling and hemoglobin electro- 
phoresis might offer a fast, definitive, and simple way 
of diagnosis, if the safety of ultrasound-guided fetal 
blood sampling can be further documented. Also, DNA 
restriction enzyme analysis of the amniotic cells involves 
the use of expensive enzyme and cumbersome radio- 
isotope, which are not needed in the simple hemoglobin 
electrophoresis. In addition, the fetal blood can be used 
for other examinations such as rapid karyotyping and 
infection studies if hemoglobin electrophoresis ex- 
cludes a a-thalassemia as the cause. 

Nonimmune hydrops fetalis is frequently associated 
with a high rate of obstetric complications. In the series 
of Hutchinson et al.' 64% had difficulty in placental 
delivery or postpartum hemorrhage. Liang et al.' also 
reported that 50% involved manual placental removal 
and 33% required blood transfusion. In our series the 
much lower obstetric complication rate of 20% may be 
attributed to the rapid diagnosis by ultrasound-guided 
fetal blood sampling and termination without delay. 

Nicolaides et al.'* used fetoscopy to obtain a pure 
fetal blood sample in 30 cases of unexplained fetal hy- 
drops. Ten had chromosomal abnormalities, one eryth- 
roleukemia, one a-thalassemia, and one cytomegalo- 
virus infection. Our report, as did theirs, demonstrated 
the usefulness of a fetal blood sample in the assessment 
of fetal hydrops. Ultrasound-guided fetal blood sam- 
pling is easier than fetoscopy in obtaining fetal blood 
and perhaps carries a lower abortion risk as demon- 


strated by Daffos et al. and Hobbins et al.'* Further- 
more, the fetal blood samples obtained are much better 
in terms of purity and quantity. We have encountered 
considerable difficulties in our first few cases in using 
a linear transducer with a central puncture channel. 
Shadowing of the missing crystal and poor contact were 
the major drawbacks. After switching to a sector scan- 
ner with a needle guide, sampling became much easier. 
The needle guide is a tremendous help in keeping the 
needle point and the target cord segment in line. Thus 
only depth control is necessary. However, even with a 
needle guide great effort is needed to keep the needle 
point and the target at the same plane. During puncture 
the patient should be asked to breathe lightly to avoid 
changing the puncture plane. 

For ultrasound-guided fetal blood sampling in non- 
immune hydrops fetalis, especially in a-thalassemia hy- 
drops fetalis, either the crowded cord loops in an am- 
niotic fluid pouch adjacent to the maternal abdominal 
wall or the intra-abdominal portion of the dilated um- 
bilical vein may be used as puncture sites. The numer- 
ous paralleling cord segments sometimes made it dif- 
ficult to differentiate the real umbilical vein and the 
intervening amniotic fluid space, since both are flanked 
by two umbilical arteries. A pulsed Doppler can be help- 
ful in this situation, since flow signal will be detected 
only in real umbilical vein, not in the intervening am- 
niotic fluid. Alternatively, trial and error can be used. 
If amniotic fluid is aspirated move the needle tip to the 
next space. Also, cord segment farther away from the 
chorionic plate should be used, since a dilated subcho- 
rionic blood space may be erroneously taken as a seg- 
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Outcome Obstetric complications 


Hysterotomy (placenta 
previa), NND 
Induction, NND 


Spontaneous labor, NND Acute hepatitis 
Induction, IUFD 


Induction, NND 
C/S (bleeding during in- 


duction) 
Induction, IUFD 


Postpartum hemorrhage, DIC 


Hysterotomy (previous 
C/S), NND 
Induction, NND 


Spontaneous labor, NND Preeclampsia 


ment of umbilical vein, and maternal blood may be 
obtained. This is the cause of our failure in case 3. Of 
course an immediate check of the mean corpuscular 
volume will avoid this mistake. 

The two intrauterine fetal deaths that followed 
ultrasound-guided fetal blood sampling were thought 
not to be related to the procedure, since intrauterine 
fetal death is not uncommon in Bart’s hemoglobin hy- 
drops fetalis. Moreover, the fetus was in very poor con- 
dition as reflected by the fetal heart rate tracing. 

Only two cases of bleeding (20%) from the punctured 
cord were noted in this series. This may have been due 
to use of the 22-gauge needle and the avoidance of 
traversing neighboring umbilical arteries. In our ex- 
perience the blood jet is most likely to occur when a 
umbilical artery is traversed. Daffos et al. used a 
20-gauge needle and reported a 41% incidence of 
bleeding. The thinnest possible needle should be used 
to reduce bleeding, to avoid umbilical vein thrombosis, 
and to minimize maternal discomfort. We have recently 
tried a 25-gauge needle, as suggested by Hobbins 
et al." 

With a good experience in amniocentesis and a 
good sector scanner equipped with a needle guide, 
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ultrasound-guided fetal blood sampling can be quickly 
mastered. As stated by Daffos et al.’* this new proce- 
dure will open up an important field of investigation, 
and we believe it will play a key role in the management 
of the perplexing nonimmune hydrops fetalis. The 
safety of this relatively new procedure should of course 
be further verified. 
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Measurement of human fetoplacental blood volume in 


erythroblastosis fetalis 


Kypros H. Nicolaides, M.D., William H. Clewell, M.D., and Charles H. Rodeck, M.D. 


London, England 


The fetoplacental blood volume of the human fetus was measured with the change in hematocrit at the 
time of intravascular transfusion for severe erythroblastosis. A total of 121 measurements were made 
between 18 and 31 weeks’ gestation. The volume ranged from 117 ml/kg at 18 weeks to 93.1 ml/kg at 31 
weeks. These values compare closely with those reported for the sheep fetus and, when they are 
extrapolated to term, are similar to the blood volume of human newborns plus the residual placental blood 


volume. (AM J OssTeT GYNECOL 1987;157:50-3.) 


Key words: Blood volume, fetal circulation, human fetus 


Estimation of the fetoplacental blood volume of the 
human fetus and the change of this volume with ges- 
tational age would be of great interest as a basic phys- 
iologic parameter and has potential practical impor- 
tance in the management of a number of fetal condi- 
tions. In suspected fetal bleeding, either external or 
fetal-maternal, one could better assess the significance 
of blood loss if the magnitude of hemorrhage could be 
related to fetal blood volume. Likewise, with diagnostic 
fetal blood sampling, the volume removed is more sig- 
nificant when expressed as a fraction of the circulating 
volume than as an absolute sample volume. In treating 
erythroblastosis fetalis with fetal transfusion, an esti- 
mate of normal circulating volume would be useful in 
both selecting the volume of donor blood and predict- 
ing the posttransfusion hematocrit value. 

Although there are several reports of blood volume 
measurements in experimental animals, human data 
are limited to one study in which radioiodinated al- 
bumin was used in 19 human fetuses at the time of 
midtrimester hysterotomy pregnancy terminations.’ 
The blood volume of newborn infants has been mea- 
sured in a number of studies. However, the circulatory 
changes that accompany delivery and adaptation to 
neonatal life limit the degree to which these volumes 
can be extrapolated and applied to the fetus. 

The treatment of severe erythroblastosis fetalis with 
intrauterine intravascular transfusion® * provides an 
opportunity to measure the circulating blood volume 
of the fetus using the change in fetal hematocrit values 
in response to transfusion with a specific volume of 
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known hematocrit donor blood. This approach has 
been validated in animal studies in which there was 
close agreement between the values obtained with the 
hematocrit change with transfusion and the value ob- 
tained with *'Cr-labeled red blood cells.* Furthermore, 
estimates of the blood volume in neonates with the 
change in hematocrit after partial exchange transfusion 
are in satisfactory agreement with published values ob- 
tained by indicator dilution procedures.’ 

In this article we will present the estimates of feto- 
placental blood volume determined at the time of in- 
trauterine intravascular transfusion based on 121 pro- 
cedures between 18 and 31 weeks’ gestation. Because 
all of the data needed for this determination are ob- 
tained routinely at the time of fetal transfusion, there 
was no additional risk to the fetus or mother. 


Methods 


Fetal transfusion. Fetoscopically directed intrauter- 
ine intravascular transfusions were carried out for 
severe erythroblastosis as described previously.” ° 
Gestational age was determined by calculation from 
menstrual dates and confirmed by ultrasonographic 
measurement of the fetal biparietal diameter.’ At the 
time of fetoscopy a fetal umbilical artery or vein was 
punctured and a sample of pure fetal blood (1 to 4 ml) 
obtained for hematologic and biochemical studies. 
Transfusion was then performed with packed red 
blood cells of known hematocrit value that had been 
cross-matched against the mother. The fetus was trans- 
fused with from 5 to 50 ml donor blood, depending 
on the gestational age and donor and fetal hematocrit 
values. At the end of the transfusion the needle was 
flushed with saline solution (0.5 ml), and after 60 sec- 
onds a sample of pure blood was aspirated. The first 
0.5 ml aliquot of this was discarded. The fetal pretrans- 
fusion and posttransfusion hematocrit values and the 
hematocrit value of the donor blood were determined 
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with a Coulter “S Plus” electronic cell counter (Coulter 
Electronics Inc., Hialeah, Florida). In some cases the 
posttransfusion hematocrit value was found to be 
<40%. In these cases additional blood was often in- 
fused, but data from this additional transfusion were 
not used in blood volume estimation. If there was any 
evidence of contamination of the fetal blood samples 
with amniotic fluid or difficulty obtaining the posttrans- 
fusion sample, the data were not used in the compu- 
tation of fetoplacental blood volume. Data were avail- 
able for analysis from 121 transfusions in 57 fetuses 
between 18 and 31 weeks’ gestation. 

Computation of blood volume. Blood volume esti- 
mation was based on the following assumptions: (1) 
Infused blood was thoroughly mixed with the circu- 
lating blood volume before obtaining the final fetal he- 
matocrit sample. (2) The fetal blood volume at the end 
of the transfusion (V) was the sum of the initial feto- 
placental blood volume (V) and the volume of the 
transfusion (V,) less the volume of the initial fetal blood 
sample (V): Ve = V; + Va — V, (equation 1). (3) The 
red blood cell (RBC) volume in the fetal circulation at 
the end of the transfusion is equal to the suim of the 
initial hematocrit value (H;) multiplied by the initial 
blood volume (V;) and the volume of the transfusion 
(Va) multiplied by the hematocrit value of the donor 
blood (Ha) less the volume of the sample (V,) multiplied 
by the initial hematocrit value (H): RBC volume = 
ViH; + VaHa — V.H; (equation 2). (4) The hematocrit 
value at the end of the transfusion (H,) equals the final 
red cell volume divided by the final blood volume: 


a V:H; + VaHa — V.H; 


H ; 
f Va wey Equation 3 
Equation 3 can be rearranged to give: 
Va(Ha — Hò) + V.(H; — H; : 


H; — H; 


All of the quantities on the right of equation 4 are 
measured at the time of fetal transfusion, so V., the 
initial fetoplacental blood volume, can be calculated. 

Statistical analysis. Gestational age was rounded off 
to the nearest completed week of amenorrhea. Poly- 
nomial regression by the least-squares method was per- 
formed on an IBM Pc personal computer using a pro- 
gram written by Giuricin Matteo and Riccardo Brach- 
elente of Florence, Italy. 


Results 


Fetoplacental blood volume. Fig. 1 shows the re- 
lationship of fetoplacental blood volume to ges- 
tational age in fetuses with erythroblastosis fetalis. 
Twenty-seven fetuses showed ultrasonographic evi- 
dence of hydrops fetalis at the time of their transfusion. 
In Fig. 1 the hydropic and nonhydropic fetuses are 


Fetoplacental blood volume in erythroblastosis fetalis 51 


o l 
2007 ¥222-5440-44.x2 r A 


2 
A*= 0-51 
s 


FETOPLACENTAL BLOOD VOLUME { ml) 





19 2! 23 25 27 29 3I 
GESTATION (wks) 


Fig. 1. Estimated fetoplacental blood volume. Open symbols 
represent hydropic fetuses. 


plotted together. As can be seen, there is no difference 
between the blood volume estimates for these two 
groups. The relationship of fetoplacental blood volume 
to gestational age was described better by a quadratic 
than a linear function. At 18 weeks the best estimate 
of fetoplacental blood volume, from the regression line, 
was 25.87 ml and at 31 weeks it was 151.7 ml. 

In Fig. 2 the fetoplacental blood volume is expressed 
as milliliters per kilogram fetal weight. At 18 weeks’ 
gestation the volume was 117 ml/kg and at 31 weeks it 
was 93.1 ml/kg. The overall mean was 101 + 13.6 
(2 x SD) ml/kg. The volume per kilogram fetal weight, 
computed in this way, was correlated with gestational 
age. Because fetal weight was not known for patients 
in this study at the time the blood volume was estimated, 
we used the fiftieth percentile for normal fetal weight 
as determined by Brenner et al.” and the blood volume 
estimate from the regression line in Fig. 1. Although 
these weights were derived for the patient popula- 
tion of Chapel Hill, North Carolina, and not the 
United Kingdom, it is unlikely that this would cause a 
significant error because the British population has a 
similar newborn weight distribution. The fetuses ini this 
study had erythroblastosis fetalis, but ultrasonographic 
parameters of fetal growth, including head circumfer- 
ence, abdominal circumference (except in cases of hy- 
drops fetalis), biparietal diameter, and femur length, 
were within the normal range for gestation.2 Brenner 
et al. did find that there was significant variation in fetal 
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Fig. 2. Estimated fetoplacental blood volume expressed as mil- 
liliters per kilogram estimated fetal weight. 


weight with fetal sex and maternal Social class, but these 
effects were detected only after 36 weeks’ gestation. 
Because our study involved fetuses <32 weeks’ gesta- 
tional age, it seems unlikely that there would be any 
significant difference between the weights of our fe- 
tuses and those reported by Brenner et al. 


Comment 


In this article we report the first estimates of human 
fetoplacental blood volume in continuing pregnancy. 
Using the change in fetal hematocrit values after in- 
trauterine intravascular transfusion, we obtained values 
that are similar to those reported by Brace* for the 
sheep fetus and comparable with those for the human 
newborn and placenta after delivery.” © Although new- 
born infants with erythroblastosis fetalis have expanded 
plasma and contracted red cell volumes, their total 
blood volumes are usually normal. In a few severe cases 
their blood volume is contracted." Although we made 
no blood'volume measurements in normal fetuses, we 
found that hydropic and nonhydropic fetuses had sim- 
ilar estimated blood volume. 

The usual methods of determining blood volume 
that can be applied i in adults or children cannot be used 
for the human fetus. Dye-dilution measurements re- 
quire access to the circulation for the injection of as 
dye and then sampling of the blood at various times.’ 
Furthermore, the safety and validity of such dye- 
dilution determinations have not been established for 
the human fetus. Techniques that entail use of radio- 
active labels, such as *'Cr-labeled red blood cells, 
131T_albumin, or 'I-fibrinogen, cannot be used because 
of the fetal radiation exposure. Stable isotope labeling 
of red cells with Cr and subsequent activation to *'Cr 
by neutron irradiation have been used in the newborn, 
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but the necessary equipment is available in only a very 
few centers.” 

In measuring volume by our technique we made a 
number of assumptions that may have introduced sys- 
tematic errors. The first of these assumptions is that 
the mixing of donor blood with the fetoplacental blood 
is complete by 1 minute after the end of the transfusion. 
However, using *'Cr-labeled red cells, Brace* has shown 
that after a single injection of labeled cells into a fetal 
vein, it took >5 minutes for complete mixing to occur. 
Our transfusions ranged in volume from 5 to 50 ml. 
They were infused at a rate of | to 3 ml/min and there- 
fore the duration was approximately 10 to 50 minutes. 
Blood infused at the start of the transfusion had ade- 
quate time for mixing and only blood at the end of the 
transfusion would be subject to incomplete mixing. A 
sample taken at 1 minute might give an erroneously 
high hematocrit value and therefore a low blood vol- 
ume estimate. Our second key assumption is that the 
blood volume at the end of the transfusion is equal to 
the initial volume plus the volume of donor blood less 
the volume of the feta: blood sample (equation 1). This 
is clearly an approximation because the fetal blood vol- 
ume has been expanded substantially by the transfusion 
and will immediately begin to return toward normal. 
Brace” has studied the effect of rapid blood volume 
expansion in the sheep fetus using saline solution and 
iso-oncotic dextran 70. He found that with a dextran 
infusion amounting to approximately 15% of the fetal 
blood volume, there was 80% intravascular retention 
after 10 minutes and that this decreased to 55% by 30 
minutes after the start of the infusion. This rate of 
plasma loss is more rapid than that reported for the 
adult.'® Because we did not subject patients to delayed 
fetal blood sampling, we were unable to assess the rate 
of the reequilibration of the plasma volume in the hu- 
man fetus. As noted above, fetal transfusions are car- 
ried out over time periods ranging up to 50 minutes. 
In general, larger transfusions took more time and 
were used in later-gestation fetuses. Because our com- 
putation assumes complete intravascular retention, any 
error as a result of plasma loss would result in an un- 
derestimate of the initial fetoplacental blood volume 
and this error would tend to increase with larger donor 
volumes and therefore advancing gestational age. 

An error introduced by either or both of these as- 
sumptions could explain the discrepancy between our 
mean value, 101.3 ml/kg, and the value obtained by 
Morris et al.,! 162 + 4.12 ml/kg. However, Brace* has 
pointed out that in the sheep fetus, radiolabeled pro- 
teins, albumin, and fibrinogen give larger apparent 
blood volumes than do labeled blood cells. Using 
128]-albumin and 'J-fibrinogen, he obtained a value of 
126 ml and 124 ml, respectively. He observed a very 
rapid loss of labeled protein from the fetal circulation 
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immediately after injection. Since this resulted in a non- 
linear semilogarithmic relationship of label concentra- 
tion in the fetal blood to time, a true “time zero” value 
could not be obtained by extrapolation. Consequently, 
labeled proteins gave consistently larger blood volume 
estimates than did labeled red blood cells. He con- 
cluded that labeled proteins were inappropriate for es- 
timating blood volume in the fetus. Morris et al. used 
'*'J-albumin and sampled fetal blood at two times and 
assumed a log-linear relationship with time in extra- 
polating to time zero. The blood volume Brace obtained 
with *'Cr red cells was 110.3 + 10.7 (SD) ml/kg fetal 
weight. Although the decline in blood volume per ki- 
logram fetal weight we observed, from 117 ml/kg at 18 
weeks to 93.5 ml/kg at 31 weeks, may be an artifact of 
the method of estimation, our mean value of 101.3 + 
6.8 (SD) ml/kg is not significantly different from Brace’s 
value of 110.3 + 10.7 (SD) ml/kg for the sheep fetus. 

Reported blood volume for human newborns ranges 
from 66 to 110 ml/kg. This variability is dependent 
partly on the method of assessment and partly on the 
partition of blood between the infant and the placenta 
at delivery. Estimation of neonatal blood volume is 
fraught with most of the same problems encountered 
in estimation of fetal blood volume by indicator- 
dilution techniques. Delayed cord clamping and neo- 
natal polycythemia have been associated with signifi- 
cantly higher neonatal blood volumes. '’ Estimation 
of the residual placental blood volume has also been 
difficult. Some studies have simply measured the vol- 
ume of blood that could be drained from the placenta 
after delivery.’ Gruenwald” used the fetal hemoglobin 
concentration in placental homogenates and cord blood 
to estimate the placental blood volume. Both of these 
methods gave values ranging from 100 to 125 ml. If 
one assumes a term neonatal blood volume of 80 
ml/kg and a term placental volume of 110 ml, a 3.3 kg 
fetus would be expected to have a fetoplacental blood 
volume of 374 ml or 113 ml/kg. This is remarkably 
similar to our value of 101 ml/kg and Brace’s value’ of 
110 ml/kg. 

In conclusion, in spite of a number of technical ob- 
jections to our method of fetoplacental blood volume 
estimation, results have been obtained that are similar 
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to those reported for chronic animal preparations and 
consistent with newborn plus placental blood volumes 
in humans assessed at delivery. 
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Estrogen, progesterone, prolactin, prostaglandin E,, 
prostaglandin F,,, 13,14-dihydro-15-keto-prostaglandin F,,, 
and 6-keto-prostaglandin F; gradients across the uterus in 


women in labor and not in labor 


Bert J. Davidson, M.D., Ph.D., Rick D. Murray, M.D., John R. G. Challis, Ph.D., and 


Guillermo J. Valenzuela, M.D. 
Loma Linda, California, and London, Ontario, Canada 


Before or during labor in humans, changes in peripheral levels of estrogen and progesterone are not 
evident. Local alterations of estrogen, progesterone, and prolactin concentrations may be present and be 
accompanied by prostaglandin changes. The purpose of this study was to investigate the differences in 
concentrations of these hormones across the uterus and to evaluate their interrelationships in patients at 
term gestation with and without labor. Blood samples were obtained from a radial artery and a uterine 
vein in 22 women without and in 10 with labor. The difference between levels in the two blood vessels 
was designated as the gradient. Neither levels nor gradients were different between the two croups for 
estrone, estradiol, estriol, progesterone, or prolactin. The plasma levels of prostaglandin F,,, 
13,14-dihydro-15-keto-prostaglandin F,,, and prostaglandin E, were significantly increased in labor. 
Prostacyclin levels, as indicated by the 6-keto-prostaglandin F,, metabolite, were not altered. The 
gradients for prostaglandin F,, and E, were significantly increased in labor. The results of the study also 
suggested that, in gestation at term, serum prolactin is produced mainly by the pituitary and that estrone 
may originate from peripheral conversion of estradiol. We conclude that in humans prostaglandin gradients 
of the E and F groups are increased in labor. These increases are not associated with changes in sex 
steroids or prolactin. Prostacyclin metabolite gradients also appear not to be altered in labor, suggesting 
that some prostaglandins are selectively increased in early labor either by enhanced production or 
decreased metabolism or both. (AM J OBSTET GYNECOL 1987;157:54-8.) 


Key words: Labor, uterine gradients, sex steroids, prostaglandins 


In a variety of animals the mechanisms involved in 
the initiation of labor have been partially elucidated. 
In rodents, progesterone rises both in the blood and 
at the level of the uterus during pregnancy and then 
falls prior to labor, while estrogens continue to increase 
so that just before delivery the ratio of estrogen to 
progesterone is high. Loss of the protective effects of 
progesterone and the resulting estrogen dominance 
will then increase the production and release of pros- 
taglandins and enhance the contractility of the myo- 
metrium. Administration of estrogens to these animals 
will induce uterine contractions and progesterone will 
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block labor. In sheep. the changes in those steroids are 
preceded by a sudden rise in fetal adrenocorticoids and 
premature labor will start after administration of ad- 
renal steroids to the fetus. Conversely, ablation or 
blockage of the adrenal gland of the fetal sheep will 
lead to prolonged pregnancy. In humans, adrenocor- 
ticoid stimulation does not seem to be involved in the 
initiation of labor. However, in anencephaly, where ad- 
renocortical function is severely impaired, delivery is 
generally delayed. Prolonged postmaturity is also seen 
in patients with placental sulfatase deficiency.’ Both 
conditions will cause a large decrease in the fetal con- 
tribution to circulating estrogens. In the human, levels 
of estrogen and progesterone in peripheral blood do 
not exhibit the changes found in the animals as de- 
scribed above. Thus the simple block by progesterone 
of the stimulation of the myometrium by estrogen does 
not seem to play a Cirect role in labor and delivery.’ 
Prolactin has been shown to have a stimulating effect 
on uterine contractility.“ During pregnancy the circu- 
lating levels of prolactin rise gradually, although the 
concentrations are much higher in the amniotic fluid. 
This hormone is produced by the pituitary but also at 
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the level of the uterus by the decidua. The synthesis 
and production of decidual prolactin, in contrast to the 
prolactin originating from the pituitary, are not regu- 
lated by dopamine. Around parturition there is a mul- 
tiphasic pattern of the circulating blood levels, sug- 
gesting a role of prolactin in labor and delivery. 
Prostaglandins of the E and F groups are known to 
stimulate uterine contractions and their role in the ini- 
tiation of parturition is likely to be an important one. 
This is suggested by the fact that prostaglandin inhib- 
itors can delay the onset of labor and prevent or arrest 
premature labor. Levels in amniotic fluid and circulat- 


ing blood of the metabolites of these prostaglandins are ` 


elevated in labor but the exact origin of these com- 
pounds in unclear. The role and origin of prostacyclin 
in human parturition also is not known; this hormone 
may produce both uterine and vascular muscle relax- 
ation.’ 

The present study was undertaken to evaluate the 
source of prostaglandin E, and F» and prostacyclin in 
term pregnancy and assess the role of these substances 
in labor and the interrelationships with estrogens, 
progesterone, and prolactin. The contribution of the 
uterofetoplacental unit was evaluated by determining 
levels in the uterine vein and the radial artery. The 
difference in concentrations between these two sites was 
designated the gradient. On the basis of the evidence 
obtained in animals it was hypothesized that levels and 
gradients of all hormones would be elevated in the 
patients in labor, with the possible exception of those 
of progesterone. 


Material and methods. 


Subjects. A total of 32 patients were included in the 
study, after informed consent was obtained. All of them 
were between 38 and 42 weeks of gestation by clinical 
estimation and, in most cases, early ultrasonographic 
examination. Twenty-two patients underwent a cesar- 
ean section without any signs of labor. Ten had cesarean 
section performed while in early active labor for ab- 
normal presentations or were scheduled for an elective 
primary or repeat cesarean section and presented with 
regular contractions and increasing cervical dilatation 
and/or effacement. The presence or absence of labor 
was demonstrated with the use of electronic tocometric 
monitoring. None of the patients in either group had 
a cervical dilatation of >4 cm. No patient in labor was 
stimulated with oxytocin or demonstrated a dysfunc- 
tional labor pattern. All patients underwent operation 
while under epidural anesthesia and had no other med- 
ical or obstetric diseases or complications. 

Specimen collection. After the peritoneal cavity was 
entered but before the uterus was incised, a simulta- 
neous blood sample was obtained from a radial artery 
and a uterine vein. Blood samples were kept on ice and 
serum or plasma was separated without delay by cen- 
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Fig. 1. Mean + SE of levels of estrone (E1), estradiol (£2), 
estriol (E3), progesterone (Po), and prolactin (Pri) in the uter- 
ine vein (solid bars) and the radial artery (open bars) in all 
patients. 


trifugation at 4° C and 1500 x g for 10 minutes. Sam- 
ples were stored at — 20° C until assay. Evaluations of 
hormone concentrations in both uterine veins in a lim- 
ited number of patients showed similar values, irre- 
spective of the location of the placenta, so that only one 
side was sampled for the study. 

Hormone assays. For each hormone, samples were 
measured in the same assay. Estrone, estradiol, and 
progesterone determinations were performed by ra- 
dioimmunoassay techniques after extraction with an- 
hydrous ethyl ether and separation of fractions on a 
Celite column. Estriol was assayed with a Coat-A- 
Count Free Estrio] kit (Diagnostic Products Corpora- 
tion, Los Angeles, California). Serum prolactin was 
measured with Kit No. 125 purchased from Radio- 
assay Systems Laboratories, Inc., Carson, California. 
Prostaglandin F,, (PGF,,), 13, 14-dihydro-15-keto- 
prostaglandin F,, (PGFM), prostaglandin E, (PGE,), 
and 6-keto prostaglandin F,, (6-keto-PGF,,), a stable 
metabolite of prostacyclin, were determined by sensi- 
tive and specific antisera and modified assay proce- 
dures, after acidified plasma was extracted with diethyl 
ether. For all hormone determinations the interassay 
coefficient of variation was <13%. 

Statistical analysis. Results are presented as mean + 
SEM. Data were evaluated by Student’s ¢ test. Unpaired 
t testing was used to compare levels and gradients of 
hormones between patients in labor and those without 
contractions. Paired ¢ testing was used to assess differ- 
ences between hormone levels in the uterine vein and 
radial artery. Correlations between hormone levels 
were determined by regression analysis. 


Results 


Levels of total unconjugated estrone, estradiol, es- 
triol, progesterone, and prolactin in the uterine vein 
and the radial artery in all patients are shown in 
Fig. 1. The concentrations of estradiol, estriol, and pro- 
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Fig. 2. Mean + SE of gradients of estrone, estradiol, estriol, 
progesterone, and prolactin in patients with labor (open bars) 
and without labor (closed bars). 


gesterone were significantly higher in the uterine vein 
(p < 0.001). However, serum estrone and prolactin 
levels in the uterine vein were not increased. There 
were no statistically significant correlations between 
levels of any of these hormones. 

Fig. 2 depicts the gradients of estrone, estradiol, es- 
triol, progesterone, and prolactin in patients with and 
without labor. Because of the variability of values, the 
standard errors are fairly large, and gradients appear 
to be somewhat greater in the patients without labor, 
however, without reaching statistical significance. 

Fig. 3 represents the concentrations of PGF,, and 
PGFM in the uterine vein and radial artery in patients 
with and without labor. In the uterine vein levels of 
these prostaglandins were significantly higher in the 
patients in labor (p < 0.01). No significantly different 
levels were found in the radial artery. 

Fig. 4 shows the mean and standard error of the 
concentrations of PGE, and 6-keto-PGF,, in the uterine 
vein and radial artery in patients with and without la- 
bor. In the uterine vein, levels of PGE, were signifi- 
cantly higher in the patients in labor (p < 0.005). No 
significantly different levels were found in the radial 
artery. 

Fig. 5 depicts gradients of PGF,,, PGFM, PGE,, and 
6-keto-PGF,, in patients with and without labor. In the 
patients in labor, there was a significantly increased 
gradient of PGF,, and PGE, (p < 0.03 and 0.05, re- 
spectively. 

There were no significant correlations between any 
of the sex steroids or prolactin and any of the prosta- 
glandins, nor were there significant correlations be- 
tween the ratios of the estrogens to progesterone and 
the prostaglandins. 


Comment 


This study confirms the importance of the fetus and 
placenta in the production of estradiol, estriol, and pro- 
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Fig. 3. Mean + SE of levels of PGF,, and PGFM in the uterine 
vein and radial artery in patients with labor (open bars) and 
without labor (closed bars). 


gesterone at term. Labor does not change the circulat- 
ing levels of these hormones. Prostaglandins of the F 
and E groups are produced in higher concentrations 
in women in labor. 

The differences in findings between experimental 
animals and humans as far as the changes in the pe- 
ripheral circulation of hormones and their relation to 
initiation of labor make extrapolation from animal data 
very difficult.’ The in vivo human model used in this 
study compares concentrations of hormones in the 
uterine vein with those in the radial artery. This gra- 
dient allows insight into the contribution of the uterus, 
the placenta, and the fetus to circulating levels. De- 
pending on the origin of the different hormones, the 
gradient is a reflection of fetal and placental production 
for all hormones except 6-keto-prostaglandin Fia the 
gradient of which reflects the production of the uterus, 
fetus, and placenta. The accuracy of the gradient in 
representing this production would be particularly true 
for compounds such as the sex steroids and prolactin 
since they have a relatively long half-life. For the pros- 
taglandins with their rapid metabolism, especially in the 
lung, the gradient is at least an approximation of utero- 
fetoplacental contribution. 

The role of the ratio between estrogen and proges- 
terone in the initiation of labor could be a very impor- 
tant one because cf its effect on prostaglandin pro- 
duction. Progesterone withdrawal also would induce 
the formation of gap junctions in the myometrium, 
promoting synchronization and coordination of uterine 
contractility.’ Most authors, but not all, examining pe- 
ripheral levels of estrogen and progesterone and their 
ratio in women in labor and those without contractions 
did not find any differences, in contrast to what was 
found in many animal species.’ In one report a signif- 
icant decrease of concentrations of progesterone before 
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Fig. 4. Mean + SE of levels of PGE, and 6-keto-PGF,, in the 
uterine vein and radial artery in patients with labor (open bars) 
and without labor (closed bars). 


labor in the uterine vein but not in a peripheral vein 
was found.® This finding could not be confirmed in the 
present study, in which no differences of the fetopla- 
cental contribution to circulating levels of estrogens, 
progesterone, and prolactin between patients in labor 
and those not in labor were seen. Ratios also were not 
different. This makes a mechanism such as described 
in rodents and sheep unlikely but local effects may be 
involved. The existence of local mechanisms was not 
addressed in our study. 

We found that there was no contribution of estrone 
by the fetoplacental unit to circulating levels, suggesting 
that concentrations of this estrogen could be the result 
of peripheral conversion of estradiol. This may explain 
the parallelism in concentrations of estradiol and es- 
trone during pregnancy as described by Lauritzen and 
Klopper.” Another explanation is the possibility that the 
fetoplacental unit extracts as much estrone from the 
circulation as it produces. 

In pregnancy, there is maternal prolactin production 
from two sources: the pituitary? and the decidua.’ It is 
uncertain which source contributes most to circulating 
levels. Ablation of the pituitary or suppression of pi- 
tuitary lactotropes by bromocriptine administration in 
pregnancy causes a large decrease in maternal serum 
prolactin concentrations.” In vitro studies indicate that 
the decidual production of prolactin is most prominent 
in the second trimester." In this study we found no 
significant prolactin contribution from the fetoplacen- 
tal unit to circulating levels or changes in peripheral or 
uterine concentrations in patients with or without labor. 
This finding confirms that the majority of this hormone 
in pregnancy is produced by the pituitary. It also sug- 
gests that uterine prolactin produced by the decidua is 
secreted directly and preferentially into the amniotic 
fluid. 

This study further substantiates that during labor 
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Fig. 5. Mean + SE of gradients of PGF,,, PGFM, PGE», and 
6-keto-PGF,, in patients with labor (open bars) and without 
labor (closed bars). 


prostaglandins in both the F group and the E group 
are increased in concentration. This increase is impor- 
tant, since Giannopoulis et al.'? have shown that the 
concentration and affinity of prostaglandin E receptors 
do not change at parturition in humans. Both PGF,, 
and PGE, are very potent stimulators of uterine con- 
tractions and are produced in the amnion and/or the 
decidua. Their amniotic fluid concentrations are 
known to be elevated in women in labor. The use of 
the gradients adds convincing evidence that the major 
source of these prostaglandins is indeed the fetopla- 
cental unit. 

This increase of PGF» and PGE, could be the result 
of enhanced production or reduced catabolism of these 
compounds, or a combination of these mechanisms 
could play a role. Gradients of PGFM were not found 
to be elevated. This metabolite of PGF,, is reported to 
be increased only in the presence of advanced cervical 
dilatation of 26 cm." The patients in our study were 
all in early active labor and none had reached this de- 
gree of dilatation. The stimulus for the increased pro- 
duction of prostaglandins could not be determined by 
this study, but levels or ratios of estrone, estradiol, es- 
triol, progesterone, or prolactin did not seem to be 
involved in a direct fashion, since there were no cor- 
relations between levels or ratios of these hormones and 
the prostaglandins. 

The role in labor of prostacyclin, which is also pro- 
duced in the myometrium, could be related to its ability 
to relax blood vessels and prevent intravascular coag- 
ulation.” Since both PGF,, and PGE, cause profound 
vasoconstriction, prostacyclin could be involved in a 
mechanism securing adequate blood supply to the pla- 
centa during a uterine contraction.” However, there was 
no significant increased contribution by the uterofe- 
toplacental unit during labor, although the differences 
between levels in the radial artery and the uterine vein 
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in patients in labor indicated a trend toward a higher 
gradient. The work of Makarainen and Ylikorkala’® in 
amniotic fluid shows that there is a continuing increase 
of 6-keto-PGF,, concentrations as cervical dilatation 
progresses. Our results do suggest that prostacyclin is 
not involved in the initiation of parturition. 

We conclude that at term gestation the fetoplacental 
unit produces large amounts of estradiol, estriol, and 
progesterone, but labor does not seem to change this 
production or alter the ratios of these sex steroids, as 
is seen in animals. There is no contribution to circu- 
lating estrone and prolactin levels by the fetoplacental 
= unit. PGF,, and PGE, gradients are enhanced in women 
in labor, suggesting increased production or decreased 
catabolism or both by the fetoplacental unit. Prosta- 
cyclin gradients are unchanged during labor, indicating 
that the role of this compound in the initiation of hu- 
man parturition may be limited. 


We would like to thank Steven Yellon, Ph.D for his 
critical review of the manuscript and Ms. Soon Choi Hi 
and Ms. Cher Sprague for technical assistance. 
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Contraceptive use, pelvic inflammatory disease, and fertility 
problems among American women: 1982 


Sevgi O. Aral, Ph.D., William D. Mosher, Ph.D., and Willard Cates, Jr., M.D., M.P.H. 


Atlanta, Georgia, and Hyattsville, Maryland 


To examine the relationships between contraceptive use, pelvic inflammatory disease, and fertility 
problems, we analyzed data from the 1982 National Survey of Family Growth. This nationally 
representative sample of reproductive age women in the United States provides the first population-based 
estimates of fertility problems and pelvic inflammatory disease. Self-reported pelvic inflammatory disease 
was higher among whomen who had ever used an intrauterine device (23%) than among those who had 
ever used oral contraceptives (17%). Controlling for other variables, fertility problems were most common 
among women who had never used a method (42%), but they were also more common among oral 
contraceptive users (26%) than intrauterine devices users (17%). Our findings are consistent with the 
hypotheses that (1) intrauterine devices were used primarily by women with proved fertility and (2) oral 
contraceptives were associated with pelvic inflammatory disease in complex ways, although the exact 
nature of this association and the underlying disease are not yet completely understood. (Am J OBSTET 


GYNECOL 1987;157:59-64.) 
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Contraceptive choice has an important influence on 
the likelihood of pelvic inflammatory disease and re- 
sultant fertility problems. Users of intrauterine devices 
are at higher risk for the development of pelvic inflam- 
matory disease than nonusers,’ and they also have a 
greater likelihood of tubal infertility.** Although oral 
contraceptive use has been found to protect against 
pelvic inflammatory disease,‘ this protective effect may 
be organism specific, largely influencing symptomatic 
gonococcal pelvic inflammatory disease.” In fact, ac- 
cumulating evidencé suggests that oral contracéptives 
may even promote chlamydial cervicitis,° and their ef- 
fect on chlamydial pelvic inflammatory disease is un- 
clear. A recent study suggests a slightly higher risk for 
primary tubal infertility among users of oral contra- 
ceptives compared with nonusers.’ Nevertheless, em- 
piric evidence on the relationship between oral contra- 
ceptive use and tubal infertility is scant and far from 
conclusive. 

These epidemiologic findings have shed considerable 
light on pelvic inflammatory disease and infertility risks 
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associated with contraceptive choice, but data on the 
public health impact of such risks have not been avail- 
able. Although temporal trends in contraceptive use,’ 
pelvic inflammatory disease,” and infertility’ in the 
United States have been described, until the present 
study, no single source of data has contained all the 
critical variables to study the relationships among 
contraceptive use, pelvic inflammatory disease, and 
fertility problems. In this article, we present the 
first population-based national estimates of these rela- 
tionships from a representative sample of American 
women. 


Methods 


We obtained data for this analysis from the National 
Survey of Family Growth, Cycle III, conducted in 1982 
by the National Center for Health Statistics. The Na- 
tional Survey of Family Growth is a periodic survey of 
reproductive-age women designed to provide infor- 
mation on factors affecting childbearing and maternal 
and child health.” The 1982 survey was based on per- 
sonal interviews with a multistage area probability sam- 
ple of 7969 women between 15 and 44 years of age in 
the United States. We limited this analysis to women 
who had ever had intercourse and who were not ster- 
ilized for contraceptive reasons or married to contra- 
ceptively sterile men. The sample size for this group 
was 5504 women including 1308 women (24%) who 
had -fertility problems. 

The 1982 survey included two questions on pelvic 
inflammatory disease. The respondent was first asked 
whether she had ever been treated in a doctor’s office, 
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Table I. Definition and number of fertility problems in the United States from the 1982 National Survey 


of Famiily Growth Cycle III 













Estimated numbers* 


(million) 
Fertility problems = 
Surgically sterile for health reasons Sterility resulting from operation in which contra- 4.2 
| ception was-not a contributing reason 
Infertile 12 mo or more of unprotected intercourse with- 2.4 
out conception 
Impaired fecundity 4.5 
Nonsurgically sterile Self-reported inability to have a baby 0.9 
Subfecund Self-reported difficulty or danger in conceiving or 3.0 


carrying to term 





*It is possible for women to be classified as both infertile and impaired fecundity. Therefore the sum of the components Is 


larger than the total with fertility problems. 


Table II. Self-reported pelvic inflammatory 
disease by parity and contraceptive choice: 
American women, ages 15 to 44 years, 1982 





Contraceptive choice 





F Oral contraceptive Intrauterine 
Parity ever device ever 
All 16.8 23:37 
0 12.3 21.17 
a 19.3* 23.8F° § 


*Difference by parity significant at p < 0.01. 
Difference by parity not significant. 
Difference by method significant at 0.01. 
§Difference by method significant at 0.10. 


Note: As noted in thé text, the results in Tables II to VII 
are percentages of U.S..women 15 to 44 years of age in 1982 
(excluding those who have never had intercourse and those 
who are sterilized for contraceptive reasons). The percentages 
are weighted and are national estimates. The complementary 
category for each percentage (e.g., those not reporting pelvic 
inflammatory disease) may be obtained by subtracting the per- 
centage from 100. Thus the percentage of oral contraceptive 
users who did not report pelvic inflammatory disease was 
100% — 16.8%, or 83.2%. These complementary categories 
are not shown to save space and to make the tables easier to 
read. 


clinic, or emergency room for an infection in her fal- 
lopian tubes, womb, or ovaries. The diagnosis was fur- 
ther clarified by use of the phrase “... also called a 
pelvic infection, pelvic inflammatory disease, or PID.” 
The respondent was next asked how many different 
times, if ever, she had been hospitalized for a pelvic 
infection. The data on pelvic inflammatory disease have 
been reported elsewhere." 

For the present analysis, we defined couples with fer- 
tility problems to include those infertile, surgically ster- 
ile for health reasons, and those with impaired fe- 
cundity. Couples were classified as infertile if neither 
spouse was surgically sterilized, the couple did not use 
any form of contraception for 12 months or more of 
continuous marriage, and they did not conceive during 


the 12-month period. Couples were classified as subfe- 
cund in case of self-reported difficulty or danger to 
conceive and/or carry a pregnancy to term. The term 
“impaired fecundity” was used to describe the sum of 
the nonsurgically sterile and subfecund categories. The 
derivation of these categories has been explained in 
more detail elsewhere.’ 

We used / tests to test the significance of relationships 
among the variables studied here. To examine the re- 
lationships of pelvic inflammatory disease, parity, and 
contraceptive choice simultaneously while controlling 
for age, we used multiple classification analysis. The 
standard errors and ż tests used in this article used the 
formulas and procedures recommended for this sur- 
vey.'' These formulas are based on the balanced half- 
sample replication technique, an accurate method for 
estimating sampling errors from complex samples such 
as this one. These estimates take into account both the 
sample size and sample design on which our weighted 
percentages are based. The significance tests in our 
multivariate analyses are also based on the recom- 
mended formulas and do not assume simple random 
sampling. 


National estimates 


Our data in this study were weighted to represent 
the 37.2 million women in the United States in 1982 
who were between 15 and 44 years of age, had had 
intercourse, and were not contraceptively sterile, in- 
cluding 9.2 million wcmen with fertility problems.” The 
weight for each cdse was adjusted for the different sam- 
pling rates among whites, blacks, and teenagers and 
was further adjusted for nonresponse to produce na- 
tional estimates. | 

In 1982, 9.2 million women had fertility problems, 
including 2.3 million who were childless and 6.9 mil- 
lion with one or more children. Of these 9.2 million, 
4.2 million were surgically sterile for noncontraceptive 
health reasons, and 5.0 million had other fertility prob- 
lems, such as self-reported difficulty in conceiving or 
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Table III. Fertility problems by parity and 
self-reported pelvic inflammatory disease: 
American women, ages 15 to 44 years, 1982 












Self-reported pelvic 
inflammatory disease 


Ever Never 
treated treated 






All 44.2* 21.2 24.7 
0 —— 13:3 15.2 
1+ 48.8* 27.2 31.2 





“Difference by whether ever treated for pelvic inflamma- 
tory disease significant at p < 0.01. 


carrying to term or a year or more of unprotected 
intercourse without a pregnancy (Table I). About 
7.6 million women had had pelvic inflammatory disease 
at some time in their lives.'° 


Results 


The percentage of women reporting that they had 
had pelvic inflammatory disease was higher among 
those who had at some time in their lives used an in- 
trauterine device (23%) compared with those women 
who had used oral contraceptives (17%). This differ- 
ence was twice as large for childless women (21% versus 
12%) as for women with children (23% versus 19%) 
(Table H). Women who had one or more births also 
had higher pelvic inflammatory disease rates than did 
childless women, and this difference was larger among 
oral contraceptive users (p < 0.01) than among intra- 
uterine device users where it was not significant. 

The association between pelvic inflammatory disease 
and fertility problems was striking. Among women who 
were treated for pelvic inflammatory disease, the pro- 
portion with fertility problems (44%) was more than 
twice as high as among women who were not treated 
for pelvic inflammatory disease (21%) (p < 0.01) (Ta- 
ble III). This difference was observed among both 
childless women (32% versus 13%, p<0.01) and 
women with children (49% versus 27%, p < 0.01). 

Moreover, the effect of pelvic inflammatory disease 
on fertility problems was found among both oral con- 
traceptive and intrauterine device users (Table IV). 
Those women who had been treated for pelvic inflam- 
matory disease were twice as likely (p < 0.01) to have 
fertility problems as those who had not been treated 
for pelvic inflammatory disease (38% versus 21% 
among intrauterine device users and 42% versus 21% 
among oral contraceptive users) (Table IV). Among 
childless oral contraceptive users, 29% of those women 
treated for pelvic inflammatory disease had fertility 
problems compared with just 13% of those women 
never treated for pelvic inflammatory disease. The dif- 
ference among childless intrauterine device users was 
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Table IV. Fertility problems by parity, 

contraceptive choice, and self-reported pelvic 
inflammatory disease: American women, ages 
15 to 44 years, 1982 





Self-reported pelvic 
inflammatory 
disease 


Ever Never 
treated treated 











Contraceptive choice 





Intrauterine device 


ever 
Parity 
All 37.8* 21.3 25.2 
0 26.67 15.3 17.7 
1+ 39.8* 22.6 26.7 
Oral contraceptive 
ever 
Parity 
All 42.0* 20.5 24.] 
0 29.44 12.9 14.9 
1+ 46.67 25.3 29:4 





*Difference by pelvic inflammatory disease significant at 
p < 0.01. 


Difference by pelvic inflammatory disease not significant. 


tDifference by pelvic inflammatory disease significant at 
p < 0.05. 


not significant, primarily because it was based on a 
smaller number of cases. The differences in the per- 
centage with fertility problems between intrauterine 
device and oral contraceptive users were small among 
those who had never been treated for pelvic inflam- 
matory disease. However, among those who had been 
treated for pelvic inflammatory disease, oral contra- 
ceptive users were more likely to have fertility problems 
than were intrauterine device users (42% and 38%, 
respectively). Although not statistically significant, this 
difference was observed overall and was consistent in 
both parity categories (Table IV). 

To determine whether hospitalized (as opposed to 
ambulatory) treatment of pelvic inflammatory disease 
was associated with greater fertility problems, we com- 
pared rates of fertility problems among women who 
had been hospitalized for this condition.to those who 
had received only ambulatory care (Table V). Women 
who had been hospitalized for pelvic inflammatory dis- 
ease treatment were far more likely to have had fertility 
problems (57%) than were women treated in an am- 
bulatory setting (39%). Although the difference be- 
tween hospital and ambulatory treatment categories 
was rather small among childless women, it was very 
large (64% compared with 42%) and statistically sig- 
nificant (p < 0.01) among women with one or more 
births. 

Women who had been hospitalized for pelvic inflam- 
matory disease were more likely to have fertility prob- 
lems than were those treated in ambulatory settings. 
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Table V. Fertility problems by parity and by 
hospitalized and ambulatory pelvic 
inflammatory disease: American women ages 
15 to 44 years, 1982 





S elf-reported pelvic inflammatory disease 


Ambulatory | Hospitalized 





Any pelvic 
inflammatory disease 









All 38.5* 57.3 44.2 
0 31.3 351 39.3 
i 41.6* 63.9 48.8 

*p < 0.01. 


This was true among both users of intrauterine devices 
and oral contraceptives (Table VI). Women who had 
used oral contraceptives and had been hospitalized for 
pelvic inflammatory disease were far more likely to have 
fertility problems than were oral contraceptive users 
who received ambulatory treatment for pelvic inflam- 
matory disease (55% versus 37%). This difference was 
statistically significant (p < 0.01). Women who had used 
intrauterine devices and had been hospitalized for pel- 
vic inflammatory disease were also more likely to have 
fertility problems (45% versus 35%) than intrauterine 
‘device users who were treated in ambulatory settings. 
This difference was not statistically significant because 
the number of women who had used intrauterine de- 
vices was much smaller than those who used oral con- 
traceptives. Among women who had received ambu- 
latory care for pelvic inflammatory disease, no major 
differences emerged in fertility problems between oral 
contraceptive and intrauterine device users. However, 
among those who were hospitalized for pelvic inflam- 
matory disease, oral contraceptive users were more 
likely to have fertility problems (55%) than intrauterine 
device users (45%). 

In summary, our stratified analysis revealed the fol- 
lowing findings: (1) About 23% of intrauterine device 
users and 17% of oral contraceptive users had had pel- 
vic inflammatory disease. This difference was quite 
large among childless women (21% of intrauterine de- 
vice users and 12% of oral contraceptive users), but it 
was smaller among women with children. (2) Women 
ever treated for pelvic inflammatory disease were far 
more likely to have fertility problems (44%) than those 
never treated for pelvic inflammatory disease (21%). 
This was true in both parity groups and for both oral 
contraceptive and intrauterine device users. (3) Women 
hospitalized for pelvic inflammatory disease were much 
more likely to have fertility problems (57%) than those 
treated in an ambulatory setting (39%). This was found 
in both parity groups and for both intrauterine device 
and oral contraceptive users, but the differences were 
not significant among the childless and among intra- 
uterine device users. 
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Table VI. Fertility problems by contraceptive 
choice, parity, and hospitalized and 
ambulatory pelvic inflammatory disease: 
American women ages 15 to 44 years, 1982 







Secf-reported pelvic inflammatory disease 


Any pelvic 
inflammatory 
disease 






Contraceptive choice | Ambulatory | Hospitalized 





Intrauterine device 


ever 
Parity 
All 35.1 45.1 371.5 
0 $ + * 
14 37.4 46.0 39.8 
Oral contraceptive 
ever 
Parity 
All 36.67 55.1 42.0 
0 29.5 i 29.4 
l+ 39.5 61.9 46.6 


*Number of cases <60. 
tp < 0.01. 


Multiple classification analysis 


Controlling through multiple classification analysis 
for the simultaneous effects of age, pelvic inhammatory 
disease, parity, and contraceptive method choice on fer- 
tility problems (Table VII), three key findings emerge. 
First, independent of method choice, parity, and age, 
pelvic inflammatory disease, especially hospitalized pel- 
vic inflammatory disease, greatly increases the likeli- 
hood of fertility problems. After controlling for other 
factors, 22% of women who were never treated for 
pelvic inflammatory disease had fertility problems com- 
pared with 37% of those who received ambulatory 
treatment and 53% of those who were hospitalized for 
pelvic inflammatory disease. 

Second, after controlling for age, parity had no sig- 
nificant effect on the proportion with fertility prob- 
lems; 24% of childless women and 25% of women with 
one or more children had fertility problems after con- 
trolling for age. Third, women who used oral.contra- 
ceptives (but not intrauterine devices) were significantly 
more likely to have fertility problems (26%) than were 
women who ever used intrauterine devices (17%). 
Fourth, women who had never used a method were 
substantially more likely to have fertility problems 
(42%) than any of the other contraceptive method 
groups. Thus even after adjustment, although oral con- 
traceptive users were afforded a protective effect from 
fertility problems compared with using no method at 
all, they were at increased risk compared with intra- 
uterine device users. 

The components of fertility problems reveal that sur- 
gical sterilization for noncontraceptive reasons is at 
least twice as common among women who had pelvic 
inflammatory disease than among those who ‘did not 
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Table VII. Multiple classification analysis: 
Percentage of women 15 to 44 years of age 
with fertility problems by pelvic 
inflammatory disease, parity, and method: 
United States, 1982 


Weighted N 
Observed | Adjusted* | (thousands) 
25 — 


Total 37,242 
Pelvic inflammatory disease 
Never treated l 227 22+ 31,584 
Ambulatory 394 37$ 3,952 
Hospitalized 58 53 1,705 
Parity 
Childless 16+ 24lj 15,198 
l or more 31 25 22,044 
Method 
Intrauterine device 26l] 174 6,272 
Pill (but not intra- 24 26 22,261 
uterine device) 
Any except pill or intra- 2l 244 6,291 
uterine device 
Never used any method 40 42 2,418 


*Adjusted for the other variables in the table, plus single 
years of age. 


tp < 0.001. 
tp < 0.01. 
$p < 0.05. 
lp > 0.05. 


(Table VIII). For example, among oral contraceptive 
users 23% of those who had pelvic inflammatory disease 
were surgically sterilized for noncontraceptive reasons 
compared with only 9% of those who had not. Infertility 
and impaired fecundity combined are also higher 
among the pelvic inflammatory disease group. Al- 
though the proportion of women who had pelvic in- 
flammatory disease and are surgically sterilized is al- 
most identical across contraceptive choice categories, 
the proportion of women who had pelvic inflammatory 
disease and are categorized as infertile or having im- 
paired fecundity is higher among oral contraceptive 
users than among intrauterine device users. 


Comment 


Our analysis of the National Survey of Family Growth 
data provides national estimates of the prevalence of 
pelvic inflammatory disease and fertility problems 
among reproductive-age American women who have 
ever used oral contraceptives and intrauterine devices. 
Our findings of higher rates of pelvic inflammatory 
disease among intrauterine device users than oral con- 
traceptive users generally agree with conclusions from 
multiple epidemiologic studies. 

Two limitations of our particular data set must be 
acknowledged. First, we measured pelvic inflammatory 
disease through self-reports of women rather than by 
clinical diagnosis or laparoscopic findings. Even clinical 
factors alone are unreliable predictors of pelvic inflam- 
matory disease.” Furthermore, patient factors such as 
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Table VIII. Contraceptive choice, pelvic 
inflammatory disease history, and resultant 
fertility status: American women ages 15 to 44 
years, 1982 





Ever used oral contraceptives (%) 
Pelvic inflammatory disease (16.8) 


No problems 58.0 
Infertile 1.5 19.0 
Impaired 17.5 ` 
Surgical sterilization— 229 
noncontraceptive* 
100.0 
No pelvic inflammatory disease (83.2) 
No problems 79.5 
Infertile 1.6 
Impaired 10.0 ] me 
Surgical sterilization— 8.9 
noncontraceptive | 
100.0 
Ever used intrauterine device (%) 
Pelvic inflammatory 
disease (23.3) 
No problems 62.2 
Infertile 0.7 | 15.9 
Impaired 14.5 a 
Surgical sterilization— 22.6 
noncontraceptive 
100.0 
No pelvic inflammatory disease (76.7) 
No problems 78.7 
Infertile 2.6 10.9 
Impaired 8.3 | i 
Surgical sterilization— 10.5 
noncontraceptive 
100.0 


*Surgical sterilization not for contraceptive reasons. 


intentional nonreporting, incomplete recall, and un- 
awareness of the diagnosis could dilute the accuracy of 
these data. Second, the definition of fertility problems 
available from the National Survey of Family Growth 
is quite different from that used in clinical studies. Be- 
cause all causes of infertility are included, we cannot 
differentiate that caused by tubal factors from other 
types. The effect of these two limitations would tend 
to blur any true relationships; thus our finding of con- 
sistent differences strengthens their validity. 

Two main values of the National Survey of Family 
Growth are: (1) It provides population-based estimates 
of fertility problems and thus includes a high percent- 
age of women who have never sought health care for 
such problems. These women would not be included 
in investigations of clinical infertility that are thus lim- 
ited in the generalizability of their results, and (2) it 
allows for cross-sectional analysis of the interrelated 
factors of contraceptive choice, self-reported pelvic in- 
flammatory disease, and fertility problems among a na- 
tional sample of American women of reproductive age. 
As such, it adds a new dimension to our knowledge in 
this complex field. 

One unexpected finding was that fertility problems 
were more frequent among oral contraceptive users. 
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This, we believe, could reflect the selection of women 
with proved fertility for intrauterine device use. For 
almost a decade before 1982, the intrauterine device 
was not recommended for nulliparous women.” Thus 
our data suggest that physicians may have been un- 
derstandably reluctant to prescribe intrauterine devices 
to nulliparous women and those with fertility problems 
and perhaps prescribed the pill because of its hypothe- 
sized protective effect. 

Oral contraceptive users who reported having had 
pelvic inflammatory disease were more likely to have 
fertility problems than were intrauterine device users 
who had pelvic inflammatory disease. This is consistent 
with the hypothesis that oral contraceptives may be as- 
sociated with chlamydial pelvic inflammatory disease,” 
which is more difficult to recognize, diagnose, and treat 
in a timely fashion than is gonococcal pelvic inflam- 
matory disease.'’* "4 By remaining silent and/or incom- 
pletely treated, chlamydial infections can smolder and 
lead to eventual fertility problems. 

This hypothesis is also consistent with other findings 
from our analysis. First, the difference in fertility prob- 
lems between women who were hospitalized for pelvic 
inflammatory disease and those who received ambu- 
latory care is greater among users of oral contraceptives 
than among intrauterine device users. If hospitalization 
reflects severity of pelvic inflammatory disease, then 
this finding indicates that fertility problems among oral 


contraceptive users with more severe pelvic inflam-. 


matory disease are more common than among intra- 
uterine device users with severe pelvic inflammatory 
disease. Second, the relationship between pelvic inflam- 
matory disease and fertility problems may be more ap- 
parent among women hospitalized for pelvic inflam- 
matory disease than among the ambulatory pelvic in- 
flammatory disease group, since pelvic inflammatory 
disease can be more accurately diagnosed when the 
patient is hospitalized and less misclassification occurs. 

Although most of our findings are consistent with 
hypothesized relationships among oral contraceptive 
use, chlamydial pelvic inflammatory disease, and even- 
tual emergence of fertility problems, they do not pro- 
vide direct support for these etiologic hypotheses. 
Given the limitations of our data set, we cannot rule 
out the possibility that women with fertility problems 
were somehow selected for oral contraceptive use. It is 
not implausible that some women with more severe or 
recurrent pelvic inflammatory disease were given oral 
contraceptives for therapeutic or preventive purposes. 

In conclusion, our findings confirm the importance 


July 1987 
Am J Obstet Gynecol 


of contraceptive choice on pelvic inflammatory disease 
and fertility problems among reproductive-age Amer- 
ican women. The adverse consequences of sexual in- 
tercourse, unplanned pregnancy and sexually trans- 
mitted infections, might be reduced if more attention 
was shown for common and primary prevention ap- 
proaches. Barrier methods of contraception may be 
indicated for those women who want protection against 
both sexually transmitted diseases and unplanned 
pregnancy. 


We gratefully acknowledge the typing of Ruby Booth 
and Barbara Bottazzi. 
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The use and limitations of endocervical Gram stains and 
mucopurulent cervicitis as predictors for Chlamydia 
trachomatis in female adolescents 


Barbara Moscicki, M.D., Mary-Ann Shafer, M.D., Susan G. Millstein, Ph.D., 


Charles E. Irwin, Jr., M.D., and Julius Schachter, Ph.D. 


San Francisco, California 


We evaluated the presence of polymorphonuclear cells on endocervical Gram stains and clinical indices of 
cervicitis as predictors of Chlamydia trachomatis infection in 193 sexually active female adolescents; 148 
(77%) subjects had no complaints. C. trachomatis was isolated from 34 (18%) subjects. The incidence of 
C. trachomatis differed by race: it was isolated from 30% of black subjects and 7% of nonblack subjects. 
Polymorphonuclear cells on Gram stains were found to be associated with the presence of C. trachomatis 
QE = 33.2, p < 0.0001). The sensitivity, specificity, and positive predictive value for polymorphonuclear 
cells to predict the presence of C. trachomatis were 91% (31/34), 65% (103/159), and 36% (31/87), 
respectively. When examined by ethnicity, polymorphonuclear cells remained significantly associated with 
C. trachomatis for black subjects (x? = 24.3, p < 0.001) but not for nonblack subjects (x? = 2.49, 

p < 0.1). Mucopurulent discharge, friability, or erythema-edema of ectopy were not reliable indicators for 
C. trachomatis. Endocervical Gram stains alone are useful to identify populations at risk for C. trachomatis 
infection. Caution must be advised when interpreting data from different population groups because of the 
variability in C. trachomatis prevalence. (Am J OssTeT GYNECOL 1987;157:65-71.) 


Key words: Mucopurulent cervicitis, adolescents, Chlamydia trachomatis 


Chlamydia trachomatis infects approximately 4 million 
men, women, and infants each year. The highest age- 
related prevalence for C. trachomatis occurs among fe- 
male adolescents.'* The diagnosis of chlamydial infec- 
tion is imperative if its associated morbidities such 
as salpingitis, infertility, ectopic pregnancy, neonatal 
pneumonia, and conjunctivitis and possibly cervical 
dysplasia are to be prevented.>* However, the identi- 
fication of chlamydial genital infections has met obsta- 
cles from both a laboratory and a clinical perspective. 
Currently, definitive diagnosis of chlamydia requires 
tissue culture isolation, which is costly and not readily 
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available in many clinical settings. Recently, rapid 
method diagnostic techniques have been introduced. 
However, the performance of these tests has not been 
adequately assessed in a variety of populations.’ Cost 
and availability of both the tissue culture and rapid 
diagnostic tests preclude their widespread use as 
screening tools for chlamydia. 

Symptoms of lower genital tract infections tested as 
potential diagnostic indices for chlamydial endocervi- 
citis have been found to be nonspecific. The use of 
symptomatic predictors is even more disappointing, 
since chlamydial infections are asymptomatic in the ma- 
jority of infected women. 

Many authors** '®'! have reported relationships be- 
tween the presence of cervicitis on examination and the 
isolation of chlamydia. The inconsistent nomenclature 
for cervicitis, such as follicular cervicitis, mucopurulent 
cervicitis, or cervical erosion, demonstrates the lack of 
definition standards. Clinical definitions for cervicitis 
vary among studies and have included combinations of 
gross appearance and laboratory findings.* ê '*!' Most 
clinical signs of chlamydial infection on gross appear- 
ance are not objective. Also, populations studied have 
been largely from sexually transmitted disease clinics. 
Cervicitis has not been adequately evaluated in a non- 
sexually transmitted disease clinic population. 

The aims of this study were to evaluate the following 
in a sexually active adolescent female population in a 
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Table I. Performance of identification of polymorphonuclear cells on gram stains of endocervical 
secretion to predict C. trachomatis infection in all patients and by race 







Overall 


Polymorphonuclear cells on 
Gram stain 

25 
<5 3 103 
Sensitivity (%) 9] 
Specificity (%) 65 
Positive predictive value (%) 36 
Negative predictive value (%) 98 
Chlamydial incidence (%) 18 
P <0.0001* 





31 56 





Black Non-black 





26 23 5 34 
l 39 2 66 

96 71 

63 66 

53 13 

98 97 

30 7 

<0.001 <0.1 





* Association remained significant while controlling for N. gonorrhoeae infection, x? = 33.2 (with Yates’ correction, p < 0.0001). 


non—sexually transmitted disease clinic setting: (1) the 
predictive value of polymorphonuclear cells on endo- 
cervical Gram stain for current endocervical C. tracho- 
matis infections in symptomatic and asymptomatic pop- 
ulations and (2) the predictive value of cervicitis on 
gross appearance for C. trachomatis infections. 


Methods 


Subjects. Sexually active adolescents (N = 193) aged 
12 to 20 years, who were seen at the University of 
California, San Francisco Adolescent Clinics between 
October 1983 and December 1984 served as subjects. 
All patients having a pelvic examination for any reason 
were entered into the study. Patients were excluded if 
they had a spontaneous or therapeutic abortion within 
30 days, were pregnant, or had taken antibiotics within 
21 days. Patients were entered into the study only once. 
Reasons for visit were divided into two categories: lower 
genital tract—related and nonrelated complaints. Lower 
genital tract—related complaints were described as vag- 
inal discharge, possible vaginal infection, and fre- 
quency or burning or dysuria. 

Study design. History, including age, race, contra- 
ceptive method, age at onset of sexual activity, reason 
for visit, symptoms, and date of last menstrual period, 
was recorded on standardized forms. Adolescent med- 
icine fellows and trained house staff members per- 
formed physical examinations; specimens were col- 
lected by standard protocol. Clinical cervicitis was des- 
ignated if any one of the following was noted on 
examination: (1) endocervical mucopurulent discharge 
(yellow-green discharge from the os on a white-tipped 
swab), (2) cervical erythema or edema of ectopy (as 
noted by the unaided eye), and (3) cervical friability 
(bleeding after manipulation of the endocervix with 
one swab). Data on endocervical discharge were missing 
on six subjects. Sixteen subjects had significant endo- 
cervical bleeding (caused by either gross friability or 
intermenstrual bleeding). Endocervical discharge was 
reported as missing for those subjects. Information on 


cervical friability or erythema-edema was not recorded 
clearly in 37 subjects. Subjects with any missing data 
were excluded when the analysis performed included 
all parameters. 

All microbiologic cultures and endocervical Gram 
stains were collected according to the standardized pro- 
tocol used in the clinic. After the cervix was cleaned of 
vaginal contamination with a large cotton swab, en- 
docervical cells for Papanicolaou smear were collected. 
A Dacron swab was rotated 360 degrees for at least 
three rotations, removed, and examined for mucopu- 
rulent discharge. The swab was then rotated onto a 
glass slide 0 to 180 degrees for the Papanicolaou smear, 
and then placed on a slide for Gram stain. After the 
Papanicolaou smear was completed, a second swab was 
introduced into the endocervix and placed into char- 
coal media for transport to the laboratory for isolation 
of Neisseria gonorrhoeae by standard technique. 

Two endocervical specimens for C. trachomatis cul- 
tures were obtained with a wooden tapered spatula. 
Transport and isolation techniques have been de- 
scribed in detail elsewhere.? Vaginal secretions were 
then collected from all patients for pH value and mi- 
croscopic examination with 10% potassium hydroxide 
and normal saline solution on a glass slide. . 

The diagnosis of bacterial vaginosis was made ac- 
cording to modified criteria by Amsel et al.'* At the 
time of the study the presence of a gray homogeneous 
discharge was not documented. Therefore the diag- 
nosis of bacterial vaginosis was modified to include at 
least two of the three following criteria: (1) pH > 5.0, 
(2) 220% clue cells on wet mount preparation with 
normal saline solution, or (3) fishy odor detected after 
10% potassium hydroxide was added to the vaginal 
secretion on a glass slide. Yeast and Trichomonas vaginalis 
were diagnosed if found on either wet mounts or Pa- 
panicolaou smear. Herpes simplex viral cultures were 
not performed routinely because of cost and low inci- 
dence in our population (<0.5%). l 

Gram stains were reviewed without knowledge of pa- 
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tient identification and diagnosis. Endocervical smears 
were heat fixed and stained with rapid method Gram 
stain technique. The number of polymorphonuclear 
cells at a magnification of x 1000, with oil immersion, 
on five nonadjacent fields was determined, averaged, 
and categorized as follows: (1) 0 to 4, (2) 5 to 9, (3) 10 
to 14, or (4) 215. Cervical mucus was found to have 
been applied in a patchy distribution on most slides. 
Thus areas selected for evaluaiton on the Gram stain 
slide included those with a monolayer distribution of 
polymorphonuclear cells. Forty-four Gram stains were 
chosen randomly to be reviewed by a second observer 
to measure interobserver reliability. The second ob- 
server categorized the number of polymorphonuclear 
cells into <5, 25, 210, and 215 polymorphonuclear 
cells per high-powered field. There was 80% agreement 
on Gram stain results. 

Statistical analysis. x? Analyses were used to test the 
significance of the association between relevant vari- 
ables. Logistic regression analyses were used to deter- 
mine independent predictors of C. trachomatis endo- 
cervical infections. p Values were based on two-tailed 
tests. When multiple tests were performed, the p value 
was set at the <0.01 level. 


Results 


Demographic data. The mean age of subjects was 
17.3 years (SD + 1.66); 89 (45%) were black, 65 (34%) 
were white, and 39 (21%) had other racial backgrounds. 
The mean age at onset of sexual activity was 14.8 
(SD + 1.53 years), and the mean number of lifetime 
sexual partners was 4.5 (SD + 8.7). Within 60 days be- 
fore examination, 67 (35%) subjects had used oral con- 
traception, 62 (32%) used barrier methods, and 64 
(33%) used withdrawal or no method. Forty-five (23%) 
subjects initially had a chief complaint related to lower 
genital tract infections. 

Incidence. C. trachomatis was isolated in 34/193 (18%) 
subjects. N. gonorrhoeae was isolated in 16 (8%) subjects 
and T. vaginalis in 6 (3.1%) subjects. Bacterial vaginosis 
was identified in 12 (6.2%) subjects and yeast vaginitis 
in 21 (11%) subjects. Seven (44%) subjects with N. gon- 
orrhoeae had concomitant C. trachomatis infection. 

Univariate analyses 

Correlates of C. trachomatis infection 

Age and race. There was a trend between younger age 
and isolation of C. trachomatis. Thirty-one percent of 
subjects younger then age 16 years were C. trachomatis 
positive, compared with 17% of subjects aged 16 to 17 
years and 10% of subjects aged 18 years or older 
(x? = 6.28, p < 0.04). 

C. trachomats infection also varied as a function of 
race. Among black subjects, the incidence was 30%, and 
among nonblack subjects, the rate was 7% (x? = 19.49, 
p < 0.0001). (Because the chlamydial incidence rates 
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Fig. 1. Histogram of polymorphonuclear cells (Pmns) per high- 
powered field (hpf) from subjects with and without endocer- 
vical chlamydia. n = Number of subjects in corresponding 
groups by polymorphonuclear cells. 


of white subjects and others were similar, they were 
grouped into one population.) There was no difference 
in the méan number of lifetime partners between black 
subjects and others (five versus four, respectively). 

Factors that were not associated with C. trachomatis 
infection included date of menstrual cycle, age at onset 
of sexual activity, reason for visit, and lower genital tract 
symptoms. Of 34 subjects with chlamydia, only 11 
(38%) had lower genital tract—related chief complaints. 
There was no significant difference in method of birth 
control in subjects with or without C. trachomatis infec- 
tion. Thirty-five percent in either group used no 
method. Twenty-six percent and 32% used oral con- 
traceptives, and 38% and 32% used barrier methods in 
the C. trachomatis positive and negative groups, respec- 
tively. 

Gram stain. The presence of polymorphonu- 
clear cells on Gram stains (+five polymorphonuclear 
cells/high-powered field) was significantly associated 
with chlamydial infection as shown in Table I. Gram 
stains with threshold values of =10 or =15 polymor- 
phonuclear cells per high-powered field were not better 
predictors of C. trachomatis than Gram stains with 
threshold values of five polymorphonuclear cells per 
high-powered field. Sensitivity and specificity at =10 
polymorphonuclear cells per high-powered field were 
47% (16/34) and 79% (126/159), respectively, and at 
215 polymorphonuclear cells per high-powered field 
were 38% (13/34) and 89% (142/159), respectively 
(Fig. 1). When examined by race, the association of 
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Table II. Association between signs of 
endocervical infection and C. trachomatis 











C. trachomatis (n) 





Clinical finding 


Mucopus* 
Positive 10 21 3.997 
Negative 21 119 

Erythema and/or edema 
of ectopyt 
Positive 7 8 9.96§ 
Negative 17 124 

Friabilitył 
Positive 9 23 4.467 
Negative 14 140 

Cervicitis|| 
Positive 12 27 7.149 
Negative 11 93 





*Six subjects had missing data, and 16 subjects were ex- 
cluded from analyses because of presence of bleeding. 


tp < 0.05. 
Incomplete data for 37 subjects. 
§p < 0.002. 


\Cervicitis is defined by the presence of any one of the 
following: endocervical mucopurulent discharge, friability, or 
ectopic erythema-edema. Subjects with any missing data or 
endocervical bleeding were excluded. 


{p < 0.0001. 


Gram stain and C. trachomatis was significant in black 
subjects (x? = 24.3, p < 0.0001) but became insignifi- 
cant in non-black subjects (x? = 2.49, p< 0.1) (Ta- 
ble I). l 

Of 87 subjects with >five polymorphonuclear cells 
per high-powered field on Gram stain, only eight 
had a positive culture for N. gonorrhoeae (x? = 0.03, 
p < 0.9). Of those with N. gonorrhoeae, 8/16 (50%) had 
=five polymorphonuclear cells per high-powered field. 
Polymorphonuclear cells on Gram stains were also not 
significantly associated with the presence of T. vaginalis, 
bacterial vaginosis, yeast vaginitis, ectopy, reason for 
visit, or race. Neither contraceptive method nor last 
menstrual period was related to the presence of poly- 
morphonuclear cells. The number of polymorphonu- 
clear cells per high-powered field found was equally 
distributed throughout the menstrual cycle in women 
with and without C. trachomatis infection. 

Clinical findings. Analyses showed a significant as- 
sociation between C. trachomatis and the presence of 
erythema or edema of the ectopy on examination 
(p < 0.002) (Tables II and III). Mucopurulent endo- 
cervical discharge and friability were not associated 
with C. trachomatis infection, although trends toward 
positive associations were found (p values < 0.05) 
(Tables II and III). Among subjects with endocervical 
mucopurulent discharge, 26 of 31 (84%) had =five 
polymorphonuclear cells per high-powered field. The 
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associations found between mucopurulent discharge, 
erythema or edema, or friability and C. trachomatis were 
similar when examined by race. Cervicitis (the presence 
of any one of the following: endocervical mucopurulent 
discharge, friability, or ectopic erythema-edema) was 
found to be significantly related to the presence of chla- 
mydial infection (Tables II and III). 

Multivariate analyses. Although the above analyses 
illustrate how individual factors relate to C. trachomats, 
they do not take into account the intercorrelations 
among these variables. To examine the unique variance 
accounted for by eack factor, a series of hierarchical 
multiple logistic regression analyses was performed. 

In the first analysis, polymorphonuclear cells on 
Gram stain, mucopurulent discharge, friability, and ec- 
topic erythema or edema were entered into the equa- 
tion. Polymorphonuclear cells were the only significant 
predictor of C. trachomatis (p < 0.001). Mucopurulent 
discharge, erythema-edema, and friability were insig- 
nificant (p < 0.5, p< 0.2, p < 0.3, respectively). The 
addition of symptoms (abnormal discharge or bleeding) 
into the equation was not significant. | 


Comment 


Identification of polymorphonuclear cells (five per 
high-powered field) on Gram stains of endocervical se- 
cretions is a useful screening tool in predicting endo- 
cervical chlamydial infection. In our population the 
sensitivity of this indicator is 91% (31/34), the specificity 
is 65% (103/159), and the positive predictive value is 
36% (31/87). With this screening tool, 64% of those 
adolescents with five polymorphonuclear cells per 
high-powered field would be incorrectly identified 
as being C. trachomatis positive. However, only 9% 
of chlamydial infections would remain undetected. 
These findings in Gram stains are similar to previous 
works. 6 '* 1! In contrast to other studies and to the 
recommendations of the Centers for Disease Control, 
our study suggests that a cutoff value of five but not 
210 polymorphonuclear cells per high-powered field 
is more effective in determining the presence of chla- 
mydial endocervical infection in adolescents. The sen- 
sitivity at 2five polymorphonuclear cells per high- 
powered field was significantly higher than at +10 poly- 
morphonuclear cells per high-powered field, 91% and 
44%, respectively (Fig. 1). 

The performance of the Gram stain test to predict 
C. trachomatis infections varied by race. The test’s per- 
formance was significantly better among black subjects. 
In nonblack subjects, polymorphonuclear cells were not 
predictive of C. trachomatis infections. Among black sub- 
jects who had a C. trachomatis incidence of 30%, the test 
yielded a 53% predictive value. In nonblack subjects 
with an incidence of 7%, the positive predictive value 
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Table III. Sensitivity, specificity, and predictive values for clinical findings and isolation of C. trachomatis 





Sensitivity (%) 


Specificity (%) 65 
Positive predictive value (%) 36 
Negative predictive value (%) 98 


52 
85 94 83 77 
32 47 28 3] 
85 88 89 89 





*See Table II for definition. 


was only 13%. The variation in significance of the Gram 
stain to predict C. trachomatis by race may be explained 
in part by these marked differences in the incidence of 
C. trachomatis. The diagnosis of mucopurulent dis- 
charge as a visible clinical sign was not associated with 
C. trachomatis infection in our population. Mucopuru- 
lent discharge predicted chlamydial infection in 10/31 
(32%) subjects and was found in only 10/31 (32%) sub- 
jects with C. trachomatis. The recent recommendation 
by the Centers for Disease Control to treat all women 
with the clinical sign of mucopurulent endocervical dis- 
charge (definied as a yellow endocervical discharge 
noted on a white-tipped swab) was based on a study 
that reported that mucopurulent discharge had a pos- 
itive predictive value for C. trachomatis of 54%.* "! This 
study was performed in a sexually transmitted disease 
clinic. The incidence of chlamydia was high (20%), and 
95% of the subjects were symptomatic for genitouri- 
nary disease or were known contacts of subjects with 
sexually transmitted disease. The poor performance of 
mucopurulent discharge, with a sensitivity of only 32%, 
as a predictor of C. trachomatis in the current study may 
be the result of the high proportion of asymptomatic 
subjects screened in our non-sexually transmitted dis- 
ease clinic. Multiple clinicians making subjective deter- 
minations of the presence of yellow color on a endo- 
cervical swab also may have influenced the results. 
However, our site is similar to most busy clinical set- 
tings. Therefore the usefulness of endocervical mu- 
copurulent discharge on a swab outside of a controlled 
clinical environment is: questionable. Another factor 
that may have influenced these findings was the low 
incidence (<1%) of endometritis and salpingitis in our 
population. It has been suggested that mucopurulent 
discharge is a possible clinical sign of endometritis and 
salpingitis.” This low incidence in our adolescents is 
unexplained; however, our vigorous screening pro- 
gram including persistent partner identification and 
treatment, for C. trachomatis or N. gonorrhoeae may have 
contributed. 

In the study by Brunham et al.,"’ neither friability 
nor ectopic erythema or edema was significantly asso- 
ciated with C. trachomatis. Despite these findings the 
Centers for Disease Control recommends their pres- 


ence for identification of C. trachomatis! Our findings 
revealed that, in addition to mucopurulent discharge, 
friability of the cervix was also found to be only weakly 
associated with C. trachomatis infection. The sign of vis- 
ible ectopic erythema or edema was associated strongly 
with C. trachomatis infection (p < 0.002). However, its 
sensitivity was quite low (29%). Although mucopuru- 
lent discharge, friability, and ectopic erythema-edema 
showed univariate associations with C. trachomatis, mul- 
tivariate analysis showed that polymorphonuclear cells 
on Gram stain were the only significant predictor of 
C. trachomatis infection. Thus, when the intercorrela- 
tions between clinical diagnostic indices were controlled 
for, the presence of polymorphonuclear cells on Gram 
stains remained the only significant factor associated 
with C. trachomatis. This suggests that the univariate 
relationships found between erythema-edema, friabil- 
ity, and mucopurulent discharge and C. trachomatis were 
primarily the result of the relationship between these 
three factors and polymorphonuclear cells. 

Although intermenstrual bleeding, vaginal dis- 
charge, and abdominal pain have been associated with 
endocervical C. trachomatis infection by others,?* we 
found’ no such associations. When the presence of 
symptoms was analyzed with the number of polymor- 
phonuclear cells, these symptoms did not strengthen 
the relationship between the Gram stain and C. tra- 
chomatis infection. Such findings illustrate the impor- 
tance of screening women for C. trachomatis infection 
with and without genitourinary symptoms, whether 
culture or Gram stains are used as the screening tools. 
` The importance of identifying C. trachomatis among 
high-risk groups has been well documented.?* Identi- 
fication of C. trachomatis by tissue culture is sensitive, 
although expensive, and requires sophisticated labo- 
ratory support that is not widely available. Studies have 
demonstrated that antibody tests used for detection of 
cervical C. trachomatis infection in several clinical situ- 
ations are less sensitive than tissue culture.® '* In our 
previous work the sensitivity of the C. trachomatis mono- 
clonal antibody test in a female adolescent population 
with culture as a gold standard was only 61%, with a 
specificity of 97%.” 

Thus, in conclusion, in its attempt to control the chla- 
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mydial epidemic, the Centers for Disease Control ac- 
knowledges the obstacles discussed above but has made 
recommendations to treat all women identified with 
mucopurulent cervicitis for C. trachomats infection.* 
In our study we have found that the presence of 
polymorphonuclear cells on Gram stain (#five/high- 
powered field) is a useful screening tool that offers 
immediate results, requires little or no additional train- 
ing for clinical personnel, is inexpensive, and is widely 
available. This Gram stain test has acceptable sensitivity, 
specificity, and positive predictive value to support its 
use as a screening device for endocervical chlamydial 
infection in adolescents for whom tissue culture and 
rapid method diagnostic tests are not feasible or avail- 
able. In comparison with the severe outcomes of 
C. trachomatis jnfections such as acute salpingitis or ec- 
topic pregnancies, a low-cost test with a predictive value 
of only 36% is not only acceptable but cost effective." 
Traditionally, the presence of polymorphonuclear cells 
in the absence of gram-negative intracellular diplococci 
on the Gram stain of the urethral smear has been used 
in male subjects to predict chlamydial infections. The 
predictive value for C. trachomatis in men with positive 
smears is 30% to 60%. Although the Gram stain pre- 
dictability for chlamydial infection is greater in men, it 


still remains a useful indicator of chlamydial infection — 


in women. However, the test’s accuracy may be depen- 
dent on the population’s C. trachomatis incidence. In- 
cidence of C. trachomatis should be determined in the 
population before the use of the Gram stain as a reliable 
test for C. trachomatis. The Gram stain may also serve 
the purpose of identifying a high-risk population that 
would benefit from testing for C. trachomatis. This may 
be especially useful if the necessary resources are avail- 
able yet limited. 

Adolescents may represent a unique population. Pu- 
berty is a transitional time when the cervix undergoes 
maturative changes defined as squamous metaplasia. 
Mild inflammatory responses may occur because of 
such events. This transitional event accompanied by 
inflammation may be susceptible to C. trachomatis in- 
fections rather than the inflammatory response being 
caused by C. trachomatis infection. This normal response 
to squamous metaplasia may explain the presence of 
cervicitis in 50% of our population. 


*Criteria for presumptive diagnosis include (1) mucopu- 
rulent secretion from the endocervix, which is usually yellow 
or green when viewed on a white cotton-tipped swab (positive 
swab test); (2) 210 polymorphonuclear leukocytes per micro- 
scopic oil immersion field (magnification, X 1000) in a Gram- 
stained smear of endocervical secretions; and (3) cervicitis, 
determined by cervical friability (bleeding when the first swab 
culture is taken) and/or erythema or edema within a zone of 
cervical ectopy.' | 
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Contrary to current recommendations, other clinical 
parameters were not reliable tests’ for chlamydial in- 
fection. It must be kept in mind that at best the pre- 
dictive value of cervical changes for C. trachomatis is 
<50%. This inflammatory response seen in the cervix 
may be the early manifestation of cervical disruption 
leading to acute salpingitis or cervical dysplasia. Alarm- 
ingly, younger women appear to be at a higher risk for 
salpingitis than older women, and the mean age for 
cervical dysplasia appears to be decreasing.* '° Thus 
future studies should include the search for other 
pathogens capable of creating an inflammatory reac- 
tion. This low predictive value for C. trachomatis also 
expresses the need for follow-up examinations after 
presumptive treatment, recognizing that other patho- 
gens may be responsible for the cervical changes resis- 
tant to tetracycline. | 
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The value of curettage in the diagnosis of ectopic pregnancy 


David A. Ollendorff, M.D., Moshe D. Fejgin, M.D., Moshe Barzilai, M.D., 


Isaac Ben-Noon, M.D., and Albert B. Gerbie, M.D. 
Chicago, Illinois, and Kfar-Saba, Israel 


The charts of all patients hospitalized between 1978 and 1983 with proved ectopic pregnancies at 
Northwestern Memorial Hospital, Chicago, and Meir Hospital, Kfar-Sava, Israel, were reviewed. Eighty-four 
patients with ectopic pregnancies had endometria! tissue available for histologic analyses. Review of the 


. endometrial curettings revealed that the most common endometrium associated with ectopic pregnancy 


was secretory (39.4%). Proliferative endometrium present 19% of the time was as common a finding as 
Arias-Stella phenomenon. This study shows that any type of endometrium lacking trophoblasts may be 
associated with an ectopic pregnancy. The lack of decidual reaction or Arias-Stella phenomenon should 
not alone lower the clinician’s index of suspicion. (Am J OBSTET GYNECOL 1987;157:71-2.) 


Key words: Ectopic pregnancy, curettage, endometrium 


The differentiation between ectopic pregnancies and 
complications of early intrauterine pregnancy contin- 
ues to be a diagnostic dilemma for clinicians. When the 
continuation of the pregnancy is not desired or the 
pregnancy is considered nonviable, uterine curettage 
is usually performed. The pathologic diagnosis of the 
endometrial curettings may raise the first suspicion for 
an extrauterine pregnancy. The lack or presence of 
trophoblastic tissue is critical in distinguishing between 
intrauterine and extrauterine pregnancies. Clinicians 
have been trained to react to the presence of the Arias- 
Stella phenomenon or decidual reaction in the endo- 
metrium. The absence of these features may lead the 
clinician to a false diagnosis of complete abortion and 
away from a diagnosis of ectopic pregnancy. 

This study was undertaken to investigate the distri- 
bution of the various types of endometrium in patients 
with ectopic pregnancies. A search of the literature over 
the past 25 years failed to reveal any study addressing 
this question. 
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Table I. Histologic diagnoses of 84 study patients 


Histologic findings % 
Arias-Stella reaction 16 19.0 
Decidual reaction 19 22.6 
Secretory endometrium 33 39.4 
Proliferative endometrium 16 19.0 
Total 84 100.0 





Material and methods 


The medical records of all the patients with proved 
ectapic pregnancies who were hospitalized from 1978 
to 1983 at Northwestern Memorial Hospital, Chicago, 
Illinois, and Meir Hospital, Kfar-Sava, Israel, were re- 
viewed. Of these patients, 84 had endometrial tissue 
available for histologic analysis. The distribution of pa- 
tients between Northwestern Memorial Hospital and 
Meir Hospital was about equal; the numbers were 40 
and 44, respectively. In each hospital, about 15% of the 
patients with diagnosed ectopic pregnancies underwent 
curettage. The pathologic findings of these patients 
were recorded, and a statistical analysis was made of 
the type of endometrium present. 


Results 


The histologic diagnoses of the 84 patients included 
in this study are outlined in Table I. Only sixteen pa- 
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tients (19%) had Arias-Stella phenomenon, and 19 
(22.6%) had decidual reaction. Secretory endometrium 
was the most common pathologic diagnosis associated 
with ectopic pregnancy and was found in 33 patients 
(39.4%). Sixteen patients (19%) had proliferative en- 
dometrium. 


Comment 


Over the past 15 years there has been not only a 
threefold increase in the number of ectopic pregnan- 
cies, but the rate of ectopic pregnancies has also in- 
creased dramatically. Dorfman' reported that in 1970 
there were 17,800 ectopic pregnancies, representing 
0.45% of all pregnancies, but in 1980 this number had 
increased to 52,200, or 1% of all pregnancies. Some 
institutions report that one of every 84 pregnancies is 
ectopic. Despite the advent of ultrasonography, lap- 
aroscopy, and very sensitive quantitative tests for 
B-subunit of human chorionic gonadotropin, the risk 
of death from an ectopic pregnancy is 10 times that of 
a legal abortion. One of the major reasons why there 
are deaths from ectopic pregnancies is because of delays 
by the clinician either because of a lack of suspicion or 
an improper reassurance from the assessment of in- 
formation available. Schneider et al? reviewed 102 
deaths attributable to ectopic pregnancy. Their study 
showed that patients with an ectopic pregnancy sought 
medical help for symptoms an average of 3.8 days be- 
fore admission and treatment. 

Different views exist about the value of endometrial 
curettage in the diagnosis of ectopic pregnancy. Most 
authors find curetting to be a valuable diagnostic 
tool.*5 The consensus of these authors indicates that 
endometrial curetting can be predictive of ectopic preg- 
nancy in 40% to 60% of patients.*’ Keresztury felt that 
when great care and attention were taken in analyzing 
curettings, a predictive diagnosis of an ectopic preg- 
nancy could be made in 76% of patients. 

In contrast, Novak and Woodruff’ do not consider 
endometrial curetting diagnostically helpful. ‘This is es- 
pecially the case when bleeding occurred before cu- 
rettage. In a recent publication, Gal and Stenning” an- 
alyzed tissue from elective abortions in Australia. They 
discuss two patients whose curettings showed no evi- 
dence of a recent pregnancy but who were later diag- 
nosed as having tubal pregnancies. Histologic exami- 
nation revealed secretory endometrium in the first pa- 
tient and “feeble secretory activity” in the second 
patient. 

In the present study only 19% of the patients had 
endometrium revealing Arias-Stella phenomenon and 
another 22.6% had decidual reaction. Thus by the use 
of curettage material alone, ectopic pregnancy would 
be suspected in 41.6% of the patients. Most patients 
(58.4%) had neither of the characteristic pathologic 
findings usually associated with an ectopic pregnancy. 
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Surprisingly, 16 of the patients (19%) had proliferative 
endometrium, making this finding as common as Arias- 
Stella reaction. We consider this finding very important, 
since the finding of proliferative endometrium in cu- 
rettings can lead the clinician to a diagnosis of complete 
abortion. The false assurance of this diagnosis could 
delay the true diagnosis until the patient has a more 
serious complication. 

The type of endometrium found during curettage is 
dependent on whether hormonally active trophoblastic 
tissue is present and also on the presence or absence 
of significant uterine bleeding. After prolonged bleed- 
ing the usefulness of curettage becomes significantly 
less,'*®7 and the typical findings are stromal atrophy 
associated with regenerative foci of proliferative glands. 
Sixteen of the 84 patients in our study had curettings 
that showed only proliferative endometrium. 

Our observation emphasizes the fact that an ectopic 
pregnancy may be associated with any histologic type 
of endometrium. An ectopic pregnancy should be sus- 
pected any time a patient with a positive human cho- 
rionic gonadotropin test has no trophoblasts in a cu- 
rettage specimen. Neither the absence of decidual re- 
action or an Arias-Stella reaction nor the presence of 
proliferative endometrium should lower the clinician’s 
level of suspicion about the potential presence of an 
ectopic pregnancy. When trophoblasts are absent, an 
ectopic pregnancy must be suspected. There is no value 
but potentially a real danger in attempting to evaluate 
the risk of an ectopic pregnancy as a function of the 
type of endometrium found with curettage. 
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Observations on the log human chorionic gonadotropin-time 
relationship in early pregnancy and its practical implications 


Nicholas Kadar, M.A.(Oxon), and Roberto Romero, M.D. 


New Haven, Connecticut 


In this study, we examined whether the doubling time of human chorionic gonadotropin is different at 
different stages of early pregnancy and whether the use of multiple nomograms for doubling time of 
human chorionic gonadotropin rather than a single critical value can improve the diagnosis of ectopic 
pregnancy. Forty-four women with intrauterine pregnancies who had abdominal pain and/or vaginal 
bleeding but who did not abort their pregnancies and 44 women with surgically proved ectopic pregnancies 
were studied. No difference was found in the doubling time of human chorionic gonadotropin when women 
were classified according to recently published criteria (Pittaway DE, Reish RL, Wentz AC. Doubling times 
of human chorionic gonadotropin increase in early viable intrauterine pregnancies. Am J OBSTET GYNECOL 
1985;152:299-302), and estimates of the doubling time of human chorioni¢ gonadotropin were not 
influenced by the initial human chorionic gonadotropin values or the sampling interval used. In the human 
chorionic gonadotropin range of practical interest, multiple nomograms identified 26 of 33 (79%) women 
with ectopic pregnancy who had rising levels of human chorionic gonadotropin, whereas our previously 
reported criteria identified 28 of 37 (76%) cases. The false positive rate for each method was 9.7%. 
Seventeen (19%) of 88 patients could not be allotted to the human chorionic gonadotropin categories for 
which nomograms of the doubling time of human chorionic gonadotropin have been derived. We conclude 
that our previous recommendations for determining the rate of increase of human chorionic gonadotropin 
in serum from paired samples do not require revision at this time. (Am J OBSTET GYNECOL 1987;157:73-8.) 


Key words: Chorionic gonadotropin, human; pregnancy, early; chorionic gonadotropin, 


doubling times; gonadotropin 


It is generally accepted that the determination of the 
rate of increase of human chorionic gonadotropin 
(hCG) in serum is a clinically useful test that can spare 
some women an operative procedure for a presumptive 
diagnosis of ectopic pregnancy.’ * The candidates for 
serial hCG testing are women who have abdominal pain 
and/or vaginal bleeding, who do not require immediate 
surgery on clinical grounds, who have positive hCG 
assay results, and who have nondiagnostic findings on 
culdocentesis and pelvic ultrasonography.* * As previ- 
ously reported, nondiagnostic ultrasound findings oc- 
cur only when serum hCG is below 6000 mIU/ml (first 
internal reference preparation), so that serial hCG de- 
terminations are indicated only if the initial serum hCG 
is below this level.** 

The rate of hCG increase in serum and its fiducial 
limits can be expressed in several equivalent ways (in 
terms of the slope of the log hCG-time curve, hCG 
doubling time, and the percentage increase in serum 
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hCG over a given sampling interval) but requires an 
assumption about the nature of the serum hCG-time 
relationship. The fiducial limits originally described by 
Kadar et al.’ were based on the assumption that this 
relationship is exponential, that is, that the log hCG- 
time curve is linear, since earlier investigators have 
found this to be the case during the first 6 weeks of 
amenorrhea,”* which corresponds to an hCG level of 
approximately 6000 mIU/ml (first internal reference 
preparation).° 

Recently, Pittaway et al.” presented evidence sug- 
gesting that the log hCG-time relationship in early 
pregnancy might be better described by a quadratic 
equation than by a linear one, and the authors sug- 
gested that the use of multiple nomograms for the dou- 
bling time of hCG, corresponding to different ranges 
of serum hCG, might improve the detection of ectopic 
pregnancies. Subsequently, they adduced evidence to 
support their suggestion by showing, with the use of 
receiver-operating characteristics curve analysis, that 
more abnormal pregnancies were indeed detected for 
a given false positive rate when multiple rather than 
single nomograms for doubling time of hCG were 
used." 

Unfortunately, however, it is difficult to extrapolate 
their data to the common practical situations in which 
the differential diagnosis of ectopic pregnancy presents 
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Table I. hCG doubling times, initial hCG 
values, and sampling intervals between 
successive samples for 44 women with 
symptomatic intrauterine pregnancies* 


— Gr 3 
1.53 (5-48) 2.04 (3-2013) 1.63 (2-3250) 2.42 (6-571) 
9.49 (3-214)P 1.47 (2-1512) 1.89 (7-648) 1.68 (7-315) 
3.93 (2-168)B 2.51 (5-1364) 1.32 (5-1167) 1.65 (5-234) 
9.01 (3-222) 1.43 (2-1925) 1.71 (5-1104) 1.58 (5-309) 
1.66 (5-73) 1.92 (2-3172) 1.53 (3-1980) 2.82 (6-364)K 
9.04 (2-523) 2.56 (5-1166) 1.21 (3-1637) 1.54 (2-847) 
1.20 (2-255) 2,18 (6-2247) 1.41 (4-929) 
1.22 (2-336) 8.10 (4-3674)K 1.53 (7-389) 
1.31 (4-127) 1.27 (2-4053) 1.59 (7-429) 
1.41 (2-3020) 2.79 (6-548)K 
1.13 (3-2764) 1.62 (7-131) 
1.30 (5-892) 1.55 (6-491) 
2.03 (5-1335) 1.70 (5-472) 
1.46 (5-1647) 
4.69 (3-4992)B 
, 9.55 (4-4883) 
Mean 1.92 1.99 1.90 1.84 
SD 0.86 0.49 0.92 0.49 


*hCG doubling times for patients in groups I, 2, and 4 of 
Pittaway et al. Figures in parentheses are the sampling inter- 
vals used in the slope estimates and the initial hCG values, 
respectively. Abnormal doubling times. are indicated as P by 
the criteria of Pittaway et al., K by the criteria of Kadar and 
Romero (>2.7 days), and B by both criteria. 


a clinical problem and in which serial hCG testing has 
- proved useful. This is partly because the authors have 
selected asymptomatic patients for study, partly because 
they included both abortions and ectopic pregnancies 
under the term “abnormal pregnancy,” and partly be- 
cause they use serial hCG testing at hCG levels well 
above 6500 mIU/ml when a sonographic diagnosis of 

ectopic pregnancy can be reliably made or at least made 
more reliably than by serial hCG testing. * Some of our 
reservations about the methods used by Pittaway et al. 
to derive their multiple nomograms have been voiced 
elsewhere." Nonetheless, if the log hCG-time relation- 
ship in early pregnancy is truly quadratic rather than 
linear, slope estimates based on paired samples will be 
influenced by both the initial hCG level and the time 
interval between the samples, and our earlier recom- 
mendations about how serial hCG testing should be 
carried out in practice might require revision. To ad- 
dress this question, we attempted in this article (1) to 
duplicate the findings of Pittaway et al. among symp- 
tomatic women with intrauterine pregnancies who did 
not abort, (2) to determine whether estimates of dou- 
bling time of hCG are influenced by the initial hCG 
and sampling interval, and (3) to compare the efficacy 
of the authors’ multiple nomograms with our criteria 
for diagnosis of ectopic pregnancy among women with 
surgically proved ectopic pregnancies. 
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Material and methods 


The data on the women who had intrauterine preg- 
nancies were initially collected over an 1 1-month period 
in an effort to test our screening method subsequent 
to its formulation. Twenty patients, culled retrospec- 


` tively from our hCG records, were subsequently added 


to the 24 patients who accrued over this period. The 
24 prospectively followed patients were the subject of 
a separate report.” All patients were symptomatic when 
first seen, complaining of pain and/or abnormal vaginal 
bleeding, and each patient subsequently had an intra- 
uterine pregnancy that progressed beyond ‘the first 
trimester. The initial serum hCG value was below 6000 
mIU/ml in all cases, and sonography was nondiagnos- 
tic. Two blood samples were obtained from 24 women, 
and three or more samples were obtained from 20 
women. The final hCG value used in the determination 
of the doubling time was below 6500 mIU/ml in 25 
patients, between 6500 and 9250 mIU/ml in 12 pa- 
tients, and between 12000 and 18000 mIU/ml in seven 
patients. The hCG assay used at the Yale-New Haven 
Hospital has been previously described.* However, in 
the original description of our assay, the standard was 
erroneously stated as the second instead of the first 
internal reference preparation. (A second internal ref- 
erence preparation does not, of course, exist, as dis- 
cussed fully elsewhere.) 

With the use of the first two available hCG values 
from each patient, the slope of the log hCG time curve 
was derived as: ln(hCG[2]/hCG[1]) + sampling inter- 
val, and the doubling time calculated from In 2/slope 
(where In denotes log e). In four cases, the doubling 
time was calculated from the first and third hCG value 
since the first two samples had been drawn 1 day apart. 

The data were then grouped according to criteria 
adopted by Pittaway et al. as follows: group 1, both 
hCG values <1200 mIU/ml; group 2, both hCG values 
between 1200 and 6000 mIU/ml; group 4, initial hCG 
value between 600 and 6000 mIU/ml, with the final 
hCG value >6000 mIU/ml; group 3, initial hCG value 
<1200 mIU/ml, with the final hCG value > 1200 
mIU/ml but <6000 mIU/ml. (One patient with a final 
hCG value of 6520 mIU/ml and one patient with an 
initial hCG value of 1166 mIU/ml were retained 
in group 2 to increase the size of that group.) The 
Kruskal-Wallis H statistic was calculated to test the null 
hypothesis that the three groups of doubling times 
(1, 2, and 4) were samples from the same population. 

A quadratic In hCG-time relationship predicts that 
the slope of the regression line is a linear function of 
the sampling interval and a transcendental (square 
root) function of the initial hCG, with no interaction 
occurring between the two terms. For example, the 
model of Pittaway et al. is exactly equivalent to b = 
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V(0.35 — 0.04H) -—0.01S, where b = slope, H = 
initial In hCG, and S = sampling interval in days. 
Therefore the slope of the In hCG-time curve for each 
patient was regressed on the sampling interval, and the 
initial hCG value was transformed in several ways. A 
model with initial hCG treated as a dummy variable 
was also fitted to the data. For this analysis, the data 
were dichotomized at 600 mIU/ml. Values below this 
figure were assigned a value of 1, and those above this 
figure were assigned a value of 2. The slope was also 
regressed separately on initial hCG and sampling in- 
terval; when the sampling interval was considered, a 
regression line was fitted to the entire data and to the 
<600 and >600 mIU/ml strata separately. 

The additional analyses carried out on the data were 
as follows. First, for patients with more than two hCG 
values, successive estimates of the doubling time were 
made, and the difference between them was used to 
test the null hypothesis that this difference was zero. 
A two-tailed ¢ test was used after the Kolmogorov- 
Smirnov test of the normality assumption required for 
the ¢ test had been carried out. Second, for patients 
with identical sampling intervals, the doubling times 
were regressed on the initial hCG value (Spearman’s 
rank-correlation coefficient). Third, to determine what 
proportion of total variability in the data was attrib- 
utable to between-patient variation, the data were cat- 
egorized by the sampling interval into four groups: 
2 days, 3 and 4 days, 5 days, and 6 and 7 days, and one- 
way analysis of variance was performed assuming a 
random effects model. Finally, for each of three women 
who had five, seven, and nine hCG values determined, 
a linear and quadratic regression model was fitted sep- 
arately to the data, and the extra sum of squares due 
to the quadratic term was tested for statistical signifi- 
cance by the F test. Standard TI 59 calculator programs 
were used to construct regression models. The signif- 
icance of the regression sum of squares was tested after 
an analysis of variance table was constructed by the 
F test. Residuals were obtained for each regression 
model and plotted ‘against the predicted value of the 
slope and against each independent variable. The plots 
were examined for any systematic trend that might in- 
dicate departure from linearity or homoscedasticity. 
Standardized residuals were also examined to check on 


‘the normality assumption implicit in the use of the F 


statistic. Estimates of pure error were obtained when- 
ever replicate observations were available and used to 
test for lack of fit of the various regression models. 
The patients with ectopic pregnancies accrued over 
a 3-year period (July 1980 to June 1983). Patients who 
had falling hCG values or who had sampling intervals 
of 1 day only or >7 days were excluded. The women 
were classified into the five groups of Pittaway et al., 
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Table II. The independent variables used in 
regression on doubling times of hCG* 


Independent Overall F Lack-of-fit 
variable(s) test (df) F test R? 
SI l 1.72 (1,42) 1.92 (5,37) 0.04 


SI (<600 mIU/ml) 1.22 (1,18) 1.81 (4,18) 0.0007 


n mIU/ml) 2.74 (1,22) 0.32 (4,18) 0.01 
H 0.22 (1,42) 0.005 
H 0.22 (1,42) 0.005 
SI, H 1.30 (2,41) 0.06 
SI, VH 1.30 (2,41) 0.06 
SI, Z 0.91 (2,41) 0.98 (9,32) 0.04 





df = Degrees of freedom (numerator, denominator); 
SI = sampling interval; H = In hCG; Z = 1 if hCG <600 
mIU/ml; Z = 2 if hCG >600 mI U/ml. 


*The independent variables in the regression models ex- 
amined are shown together with the overall F statistic for the 
model, the lack-of-fit F statistic when replicate observations 
were available, and R, the squared correlation coefficient. The 
dependent variable in each model was b, the slope of the In 
hCG time curve. 100R gives the percentage of the total vari- 
ation in b attributable to variations in the independent vari- 
ables, that is, the amount of variability explained by the model. 


and the doubling time of each patient was compared 
with the authors’ published limits for each group," as 
well as our criteria, which represents a doubling time 
of 2.7 days.’ Twenty-six patients were included in a 
previous report.” 


Results 


The doubling time of hCG for each patient who had 
an intrauterine pregnancy, which was classified accord- 
ing to the groups of Pittaway et al., is shown in Ta- 
ble I, along with the initial hCG value and the sampling 
interval. ‘There was no statistically significant difference 
between groups 1, 2, and 4 (H = 1.2). The doubling 
time for the entire study population was 1.9 days; five 
of the 44 patients (11.4%) had a subnormal increase in 
hCG values by our previously defined criteria.’ 

None of the several regression models examined fit- 
ted the data, as judged by the overall F test for the 
regression sum of squares at the 5% significance level. 
The F value for each model is given in Table II, along 
with the lack of fit F test where this could be derived, 
and the square of the correlation coefficient, R?. (100 
R? gives the proportion of the variability in the depen- 
dent variable explained by regression, that is, due to 
variation in the independent variable(s)). Both inde- 
pendent variables were entered into the model even 
though when examined separately neither explained a 
significant amount of the variability in the slope es- 
timates. E 

Table III shows the slopes of the In hCG-time curve 
obtained for four different sampling interval groups. 
Days 3 and 4 and 6 and 7 were combined to increase 
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Table III. The slope of the In hCG-time curve for 44 women with symptomatic intrauterine pregnancies 


stratified by sampling interval* 


Sampling interval 


0.547 0.287 0.451 0.448 
0.360 0.339 0.471 0.245 
0.497 0.344 0.421 0.318 
0.425 0.453 0.437 0.413 
0.173 0.572 0.408 0.366 
0.597 0.615 0.404 0.452 
0.339 0.528 0.525 0.435 
0.579 0.491 0.271 0.427 
0.567 0.221 0.529 0.248 
0.451 0.271 0.276 0.287 
0.485 0.148 0.340 

0.474 

Mean + SD 0.456 + 0.13 0.388 + 0.15 0.417 + 0.08 0.364 + 0.08 


OOO 


*The slope of the In HCG time curve stratified by the sampling interval used in making the slope estimate. The variation 
between the four groups accounted for 2.28% of the total variability in slope. 


the size of the groups. The differences between the 
four groups in the mean slope did not reach statistical 
significance irrespective of whether parametric (F349 = 
1.26) or nonparametric (H = 4.35, df = 3) analysis of 
variance was used; 2.28% of the variability in the data 
was attributable to differences in sampling interval; the 
remainder was between patient variation. 

The difference between successive estimates of dou- 
bling time (second minus first) for each of 20 patients 
in whom >two hCG determinations had been per- 
formed was 0.67 (5/2), 0.88 (4/3), —0.14 (5/2), 0.38 
(3/5), 0.24 (2/1), 0.64 (2/6), =0.29 (3/3), 1.55 (7/4),* 
1.5 (5/8),* —0.28 (6/6),* 2.65 (1/1), 0.21 (3/4), 0.42 
(1/4), 0.05 (2/3), 0.05 (2/4), 0.34 (1/4), — 1.69 (2/2), 0.39 
(5/3),* 0.62 (5/2), — 0.30 (1/1) days, respectively. The 
figures in parentheses are the sampling intervals from 
which successive estimates of the doubling time were 
made, and the asterisks indicate the patients who had 
final hCG values above 20,000 mIU/ml. The mean dif- 
ference + SD was 0.38 + 0.86. A two-tailed £ test just 
failed to reject the null hypothesis that the true differ- 
ence was zero (t = 1.98, 0.1 < p < 0.05). The power 
of the test was 81% calculated for the expected mean 
difference predicted by Pittaway et al. Before the ¢ test 
was performed, the Kolmogorov-Smirnov statistic was 
determined to check on the normality assumption re- 
quired for the ż test and could not be rejected even at 
the 20% significance level (D = 0.17). The hypothesis 
that the sample came from a normal population with 
zero mean could also not be rejected (D = 0.22), cor- 
roborating the result of the £ test. The correlation be- 
tween the doubling time and the initial hCG value could 
be examined for fixed sampling intervals of 2 and 
5 days. The number of patients in each group was 11 
and 12, respectively, and the corresponding r values 


were —0.05 and 0.2, respectively, neither of which is 
significantly different from zero. 

The linear model, fitted to the five or more data 
points obtained from each of three patients, fitted the 
data very well in each case; the correlation coefficients 
were 0.996, 0.999, and 0.999, respectively. The extra 
sum of squares due to the quadratic term did not ap- 
proach statistical significance in any of the three 
cases, . 

The doubling time cf hCG for each of the 44 patients 
with ectopic pregnancies is shown in Table IV, along 
with the initial hCG value and the sampling interval. 
Four patients could not be classified into one of the 
groups for which the authors have published nomo- 
grams (group 3).'° Of the 33 patients in groups I, 2, 
and 4, 26 (79%) had abnormal doubling times of hCG 
as determined by the criteria of Pittaway et al., and 25 
(76%) had abnormal values as determined by our cri- 
teria (76%): Of the 31 women with intrauterine preg- 
nancies in the same groups (Table J), three (9.7%) had 
abnormal values as determined by both criteria. If 
group 5 is included, as was the case in the comparison 
carried out by Pittaway et al., then of the 40 patients 
with ectopic pregnancies, 31 (78%) had abnormal dou- 
bling times as determined by the criteria of Pittaway 
et al., whereas 32 (80%) had abnormal doubling times 
as determined by our criteria. Finally, if due consid- 
eration is given to those patients in group 3 for whom 
nomograms have not been published, then in the hCG 
range in which doubling time measurements of hCG 
are indicated in practice, the multiple nomograms iden- 
tified 26 of 33 (79%) ectopic pregnancies with rising 
hCG titers as abnormal, whereas the single critical value 
of 2.7 days identified 28 of 37 (76%) patients as ab- 


normal. 
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Table IV. hCG doubling times, initial hCG values, and sampling intervals between successive samples for 


44 women with ectopic pregnancies* 


Grup TE 
1.5 (4-60) B 3.9 (2-2520) 3.8 (4-787) 3.7 (4-5676) 12.0 (4-8448) 
2.8 (4-104) 3.7 (2-3617) 1.8 (4-288) 9.1 (2-4352)B 2.8 (2-7102)P 
2.8 (2-83) 11.7 (3-1197) 7.6 (5-936) 1.8 (3-2286)B 7.1 (2-13127) 
1.7 (4-195)B 2.3 (2-1633)B 13.8 (7-1000) 1.7 (3-3744)B 10.4 (2-14000) 
3.6 (4-143) 2.8 (2-3152) 2.1 (2-4352)B 8.2 (4-12400) 
2.5 (4-71) K 6.1 (2-1299) 5.3 (2-11200) 

20.9 (2-102) 4.0 (2-1200) 3.5 (3-6889)P 
4.3 (2-603) 14.0 (2-1348) 
13.1 (3-145) 3.2 (2-3425) 
40.0 (4-981) 4.7 (3-1200) 
3.2 (5-908) 19.7 (7-1200) 
3.4 (7-83) 32.7 (6-1434) 
11.8 (2-160) 9.2 (5-1604) 
6.3 (6-600) 
3.7 (7-262) 





*HCG doubling. times of patients with ectopic pregnancies classified into groups 1 to 5 of Pittaway et al. Normal values are 
indicated as P by the criteria of Pittaway et al., K by the criteria of Kadar and Romero, and B by both criteria. 


Comment 

In this study, we have been unable to duplicate the 
finding by Pittaway et al. that the doubling time of hCG 
varies significantly during early pregnancy. A number 
of possible reasons account for this discrepancy, but in 
our view the most likely explanation is that Pittaway 
et al. included several cases in their regression analysis 
with hCG values well in excess of the level above which 
the doubling time of hCG increases and that the log 
hCG-time relationship is no longer exponential. The 
most plausible alternative explanation is that the dis- 
crepancy reflects inherent differences between women 
with intrauterine pregnancies who develop symptoms 
of pain and/or bleeding and those who do not. Inas- 
much as the variance of the doubling times of hCG 
among our patients was fivefold to ninefold greater 
than that reported by Pittaway and Wentz," some dif- 
ferences certainly exist. Nonetheless, the mean dou- 
bling time reported for group 3 by these authors was 
1.8 days. Their group 3 was formed by amalgamating 
groups | and 2 and adding four patients who did not 
fall into either of these categories. The mean doubling 
time for groups 1, 2, and 3 combined in the present 
study was 1.9 days. Thus, regarding the mean doubling 
time of hCG, our respective samples were very similar. 


Perhaps further examination of this question may be ` 


warranted, but symptomatic women with intrauterine 
pregnancies and not women with normal pregnancies 
are clearly the ones requiring differentiation from 
those patients who have ectopic pregnancies; thus, in 
our opinion, they, not asymptomatic women, provide 
the appropriate control group from which the doubling 
time of hCG should be derived. 

The suggestion that the use of multiple nomograms 
will improve the diagnosis of ectopic pregnancy also 


finds little support in this study. Certainly on theoretical 
grounds this would not be the case even if the true 
hCG-time relationship was quadratic and a linear ap- 
proximation to it was used and vice versa. It would also 
be necessary to postulate that the overlap in the dou- 
bling times of hCG for intrauterine and ectopic preg- 
nancies is different at different hCG values. This is 
because, irrespective of what the true log hCG-time 
relationship is, if the overlap is the same, one would 
simply be operating at a lower point of the receiver 
operating characteristics curve at low hCG values (re- 
sulting in fewer false positive and fewer true positive 
results) and at a higher point on the curve at higher 
hCG values (resulting iri more false positive and more 
true positive results) by using a single rather than mul- 
tiple nomograms.’ In fact this is very well illustrated in - 
this study. In group 1, our nomogram identified one 
less ectopic pregnancy but also one fewer false-positive 
result than the multiple nomograms. Conversely, in 
group 4, one more false-positive result was picked up, 
but by chance an additional ectopic pregnancy was not 
identified, which should cause no surprise given that 
this group had only five patients. However, inspection 
of group 5 should serve to convince those not familiar 
with the receiver operating characteristics curve prin- 
ciple that the true positive rate must increase in the 
long run at higher hCG values if our criteria are used. 
It can be seen that in this hCG range, five of the seven 
patients with ectopic pregnancies were identified by 
multiple nomograms as having abnormal results, 
whereas every patient had abnormal doubling times by 
our criteria. 

The relationship between the log hCG and the time 
elapsed after the last menstrual period or basal body 
temperature shift could not be examined in this study. 
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However, such a relationship is not of direct relevance 
to the use of serial hCG testing in practice, since one 
of the major advantages of the method is precisely that 
the date of the last menstrual period (which is fre- 
quently unknown or unreliable) is irrelevant. Further- 
more, the doubling time estimate of hCG derived from 
a regression line (which represents a cross-sectional 
analysis) will not be necessarily comparable with that 
obtained by averaging the hCG doubling time derived 
separately for each patient from serial values (a lon- 
gitudinal analysis), at least not unless the sample size is 
very large. Thus the regression line per seis only of 
theoretic interest, and certainly the nomograms of Pit- 
taway et al. were not derived from it. Nonetheless, a 
quadratic model predicts that slope or doubling time 
estimates of hCG will depend on the initial hCG and 
the sampling interval used and raises a question of prac- 
tical interest that was investigated in several different 
ways. 

When the two independent variables (initial hCG and 
sampling interval) were examined separately, it was 
found, in the hCG range studied, that the initial hCG 
had virtually no effect on the estimate of slope. This 
was true even when only cases with identical sampling 
intervals were considered. Similarly, the sampling in- 
terval used to assess the slope of the log hCG-time 


curve did not influence the estimate of slope signifi- | 


cantly. This was again true irrespective of whether the 
entire data were considered or the analysis was confined 
to the two hCG strata, <600 and >600 mIU/ml. There- 
fore, not surprisingly, none of our quadratic equivalent 
models yielded a significant overall F test. Clearly, if 
the log hCG-time relationship in early pregnancy is 
quadratic, one would expect the slope estimates to be 
influenced by the sampling interval and the initial hCG. 
Failure to detect such a dependency, while it does not 
disprove, argues against a quadratic log hCG-time re- 
lationship. Furthermore, although only three patients 
could be studied, a linear model fitted the longitudinal 
data extremely well, and a quadratic term did not even 
approach statistical significance. In addition, successive 
estimates of doubling time for patients showed a far 
smaller tendency to increase than the results of Pittaway 
et al. would suggest, and since 12 of the final values 
were above the discriminatory zone, with four values 
above 20,000 mIU/ml, the small positive trend is not 
surprising.°* | 

Therefore, in conclusion we have been unable to con- 
firm that the diagnosis of ectopic pregnancy can be 
improved significantly by the use of multiple nomo- 
grams for the doubling time of hCG. In addition, the 
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slope estimates obtained for our patients were uninflu- 
enced by the initial hCG or the sampling interval used. 
Therefore, the suggestion that multiple nomograms be 
adopted in clinical practice appears to be premature 
and is likely to lead to difficulties, not only because they 
are much more complicated to use but also because 
many cases will not readily fit into the appropriate cat- 
egories (17 of 88 in the present study). Although the 
number of women that cannot be properly categorized 
may be reduced by adoption of a uniform sampling 
interval as we originally proposed, this problem cannot 
be entirely eliminatec. 
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Pregnancy among obstetricians: A comparison of births before, 


during, and after residency 


Amos Grunebaum, M.D., Howard Minkoff, M.D., and Danielle Blake, M.D. 


Brooklyn, New York 


Questionnaires were sent to 1025 female board-certified obstetricians, and information was retrieved about 
pregnancy outcome. A total of 454 pregnancies, one third of which occurred during residency, were 
evaluated, and the relationship between pregnancy outcome and residency was assessed. Children of 
primiparous women who were delivered during or after residency had significantly lower mean birth 
weights than those who were delivered before residency (p < 0.001 and p < 0.005, respectively), whereas 
birth weights of infants born to multiparous women were not significantly different. The low birth weight 
rate (<2500 gm) was significantly increased during residency (p < 0.002), and infants born during 
residency were 7.5 times more likely to be growth retarded than those born outside residency (p < 0.002). 
The incidence of other pregnancy complications was not found to be increased during residency. Our data 
suggest a potentially negative impact of residency on the birth weights of infants born to female 


obstetricians in training. (AM J OssTeT GYNECOL 1987;157:79-83.) 


Key words: Pregnancy complications, residency, intrauterine growth retardation 


The number of women in residency programs has 
dramatically increased in the past decade. In some spe- 
cialties such as pediatrics and obstetrics and gyne- 
cology, women now constitute between one third and 
one half of all residents.’ Since residency occurs at the 
height of most women’s reproductive cycle, an increas- 
ing number of pregnancies among residents can be 
anticipated. Accordingly, the problems of pregnancy 
during residency have received increased attention. 
Initial reports have centered on issues such as the per- 
ception of pregnant residents by others involved in res- 
idency and suggestions for improvements in working 
conditions during residency.” What has not been ad- 
dressed, however, is the potential effects of residency 
on pregnancy outcome. Residency entails long periods 
of walking, running, and standing, frequent periods of 
sleep deprivation, and extremely long work weeks and 
thus is one of the most physically and emotionally de- 
manding types of work. A house officer may spend 
between 80 and 120 hours per week in the hospital. 
Some epidemiologic studies have suggested that work 
during pregnancy may be associated with decreased 
newborn weight,* * and residency clearly involves an 
extreme amount of work. Furthermore, the house of- 
ficer is frequently exposed to potential teratogens in 
the hospital such as anesthetic gases, cytotoxic drugs, 
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infectious agents (e.g., cytomegalovirus and hepatitis), 
and radiation. Several reports have linked occupational 
exposure to cytotoxic agents’ and anesthetic gases,” for 
example, to fetal loss. 

Not only do residents work harder and longer than 
persons in most other jobs, but board requirements 
and peer pressure within training programs force 
many pregnant residents to continue their full work 
and night-call schedule until shortly before delivery. 
Whether this is compatible with optimal pregnancy out- 
come is not known. 

Although there are several epidemiologic reports on 
the relationship between other types of work and preg- 
nancy, the impact of residency on pregnancy out- 
comes has not been studied. The present study was de- 
signed to assess the impact of residency on pregnancy 
outcome. 


Subjects and methods 


Between August and November 1984, questionnaires 
were sent to the first 1025 female board-certified ob- 
stetricians published in the directory of the American 
Board of Obstetrics and Gynecology. Obstetricians were 
selected because it was felt that this group would be the 
most able to provide accurate information on preg- 
nancy outcome and because they took part in one of 
the most arduous residencies. The questionnaires re- 
trieved general medical and perinatal information such 
as date of birth, years of residency, maternal age at 
each pregnancy, medical and obstetric complications, 
infant birth weight, gestational age at birth, Apgar 
scores, mode of delivery, diet, pregnancy symptoms, 
exposure to hazards, history of smoking or alcohol, and 
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Table I. Relationship between residency 
and pregnancies 













No. of 
spontaneous/induced 
abortions 


Before residency 82 l 83 (18.3) 
During residency 147 4 151 (33.3) 
After residency 192 28 220 (48.4) 

421 33 454 (100%) 


Table I. Relationship between residency and 
hours worked per week during pregnancy* 


Mean hr + SEM Range 


Before residency 36.4 + 4.7 0-100 
During residency 78.9 + 4.0 40-120 
After residency 46.5 + 4.6 0-100 


*p < 0.01. 


maternal weight gain. Women who had never been 
pregnant and those who were pregnant at the time they 
responded were excluded. Low birth weight was de- 
fined as any birth weight under 2500 gm. Preterm de- 
livery was defined as any delivery before completion 
of the thirty-seventh week of gestation. Intrauterine 
growth retardation was defined as a birth weight that 
was under the tenth percentile for a given gestational 
age. Women were grouped into primiparous and mul- 
tiparous, since average birth weights of subsequently 
born infants are known to be higher than those of first- 
born infants.” 

The chi-square test, Student ¢ test, and Fisher’s exact 
test were used for statistical evaluations. 


Results 


Four hundred ninety-nine questionnaires were re- 
turned for a return rate of 48.7%. The study popula- 
tion was made up of 218 women with 454 pregnancies. 
The other 281 patients had not delivered any children 
or were pregnant for the first time during the study. 

Residency, pregnancy, and hours worked. Table I 
shows the timing of pregnancies in relation to resi- 
dency. Of the 454 pregnancies reported, 18.3% oc- 
curred before residency, 33.3% occurred during resi- 
dency, and 48.4% occurred after residency. There were 
421 deliveries and 33 spontaneous or induced abor- 
tions. More women aborted after residency than before 
or during residency (p < 0.01). Table II shows the re- 
lationship between residency and hours worked during 
pregnancy. Residents worked more than twice as much 
as women who delivered before residency. 

Birth weights. Table III shows the average birth 
weights of infants in relationship to residency. Primip- 
arous women delivering during residency had the low- 
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est overall birth weight. The average birth weight of 
firstborn infants delivered during residency was sig- 
nificantly smaller than the birth weight of firstborn in- 
fants delivered before residency (3146 + 696 gm ver- 
sus 3525 + 455 gm, respectively; p < 0.001). Even 
though mean birth weights increased after residency, 
they were still lower than those of infants born before 
residency (3263 + 556 gm; p < 0.005). Multiparous 
women delivering during residencies also had children 
with the lowest birth weights when compared with mul- 
tiparous women delivering before or after residency, 
but these numbers did not reach statistical significance. 

Low birth weight infants, preterm deliveries, and 
intrauterine growth retardation. Table IV shows the 
relationship between timing of pregnancy and the fre- 
quency of low birth weight, preterm births, and intra- 
uterine growth retardation. The low birth weight rate 
for the study population was 5.9% (25/421). It was sig- 
nificantly higher for those subjects delivered during 
residency than for those delivered before or after res- 
idency (11.6% low birth weight during, 3.7% low birth 
weight before, and 2.6% low birth weight after resi- 
dency; p < 0.002). 

Because low birth weight infants include those in- 
fants delivered preterm and those with intrauterine 
growth retardation, we further evaluated these two cat- 
egories. There was no significant differences in the rate 
of preterm deliveries in relation to residency (4.9%, 
3.6%, and 4.2%; p > 0.05). However, infants delivered 
during residency were significantly more likely to be 
born with intrauterine growth retardation than those 
delivered before or after residency (8.2% intrauterine 
growth retardation during residency versus 1.2% in- 
trauterine growth retardation before and 1.0% intra- 
uterine growth retardation after residency; p < 0.001). 
Matched-pair analysis showed that other factors poten- 
tially affecting birth weight, such as prepregnancy 
weight, weight gain during pregnancy, race, and sub- 
stance abuse, were not observed more frequently in 
patients with intrauterine growth retardation than in 
those without. We also attempted to correlate birth 
weights with hours worked per week and weeks off 
before delivery, but too few subjects reported working 
a “reasonable” amount of hours (under 80 hours/wk) 
during pregnancy or taking off more than 1 week be- 
fore delivery to allow for comparison. 

No other associations were noted. Specifically, the 
incidence of malformations, medical complications 
(e.g., hypertension and diabetes), obstetric complica- 
tions (e.g., placenta previa and abruptio placentae), and 
pregnancy symptoms were not found more frequently 
during residency. Sixty-seven percent of the respon- 
dents noted that during pregnancy, they did not follow 
nutritional or rest guidelines that they recommend to 
others. | 
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Table III. Relationship between residency and average birth weight 








Firstborn infants Subsequent births 


Before residency 46 3525 + 455 36 3502 + 586 
During residency 101 3146 + 696* 46 3334 + 508 
After residency 7] 3263 + 556ł 12) 3387 + 461 





#p < 0.001 for difference between before and during residency. 
tp < 0.005 for difference between before and after residency. 


Table IV. Relationship between residency, low birth weight infants, preterm deliveries, and intrauterine 
growth retardation 





Before residency 82 3.7 (3) 4.9 (4) 1.2 (1) 

During residency 147 11.6 (17) 3.6 (7) 8.2 (12) 

After residency 192 2.6 (5) 4,2 (8) 1.0 (2) 
p < 0.002 NS p < 0.001 





LBW = low birth weight; IUGR = intrauterine growth retardation. 


Table V shows the characteristics of all low birth 
weight deliveries. 


Comment 


Pregnant house officers face a dilemma when trying 
to decide when to stop working. The Council of Sci- 


entific Affairs of the American Medical Association has- 


recommended that women with strenuous jobs (inter- 
mittent standing over 30 min/hr and repetitive stair 


climbing >4 times/8 hr), should not work beyond the ` 


twenty-eighth week of gestation.’ Many obstetricians 
suggest that their patients stop working during the lat- 
ter part of pregnancy and avoid becoming overtired. 
However, despite the fact that residency is clearly ar- 
duous labor, specialty boards frequently prohibit a res- 
ident from taking a leave for more than 6 weeks in any 
given year of training. As a consequence, a pregnancy 
leave beyond 6 weeks, even for reasons of disability, 
represents the potential loss of accreditation for the 
resident’s year of training. Therefore, many female 
house officers choose to work until close to their ex- 
pected date of delivery to save most of their leave time 
for after the delivery. 

The results of our study suggest that residency train- 
ing with its 80- to 120-hour weeks may be associated 
with adverse pregnancy outcome among female house 
officers. Average birth weights of infants born to pri- 
miparous women during residency were reduced by 
379 gm compared with infants born before residency 
(p < 0.001) and by 117 gm compared with those deliv- 
ering after residency. The low birth weight rate was 
significantly increased during residency (11.6% versus 


2.9%; p < 0.001). Even though mean birth weights in- 
creased after residency, they were still significantly 
lower than before residency. This may suggest that the 
work load of female obstetricians even after residency 
continues to be substantial and impacts on neonatal 
birth weights. 

It might be expected that physicians, who generally 
belong to upper socioeconomic groups, would have 
more favorable perinatal outcomes than women be- 
longing to socioeconomically disadvantaged groups. 
However, the low birth weight rate of 11.6% among 
infants born to female house officers delivering during 
residency was similar to that of women of lower socio- 
economic groups and twice as high than the 5.9% low 
birth weight rate reported among women of similar 
socioeconomic status on a national level.” When com- 
pared with normal birth weight infants, those with low 
weight at birth are almost 40 times more likely to die 
within the neonatal period’ and three times as likely to 
have adverse neurologic sequelae.” 

Several studies have attempted to assess the impact 
of work on pregnancy. Saurel and Kaminski”! reported 
a slightly lower rate of intrauterine growth retardation 
among employed women, and they suggested that ev- 
idence from their research was more in favor of a pos- 
itive rather than an adverse effect of work on preg- 
nancy outcome. However, the authors noted that em- 
ployed women in their study had better antenatal care 
than nonemployed women and were given 6 weeks of 
antenatal and 8 weeks of postnatal leave. Furthermore, 
working women may differ from nonworking women 
in many respects other than their occupation. For ex- 
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Table V. Characteristics of low birth weight infants 


Birth weight Gestational age 5-min Maternal Delivery 
(gm) (wk) Apgar score age (47) mode 
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Before residency 2041 
1500 30 
2325 36 
During residency 2098 36 
2013 32 
238] 39 
1786 30 
1950 34 
680 24 
964 38 
2268 38 
2415 38 
2184 38 
2433 35 
1984 37 
789 36 
1673 39 
2268 40 
2098 38 
2325 38 
After residency 1000 28 
1219 32 
2495 40 
1490 33 
221] 43 


ample, dietary intake, socioeconomic status, race, and 
family size may differ between the two groups. Working 
women may have better access to adequate perinatal 
care than nonworking women. There is also the 
“healthy worker effect” that is, women in the work force 
may represent an inherently more fit subpopulation of 
pregnant women. 

In contrast, findings from other studies suggest that 
work may be associated with decreased fetal birth 
weights. Alegre et al? found that work during preg- 
nancy was associated with a 200 gm decrease in new- 
born weight, and other studies confirmed that hard 
work may decrease fetal growth and increase fetal and 
neonatal mortality.'* Naeye and Peters“ reported a re- 
duction in birth weight of between 150 and 400 gm 
among employed women. Growth retardation was most 
severe when women had standup jobs, continued work 
until near term, were hypertensive, or had children at 
home. Obstetric residents would have to be considered 
in the “hard-working” category. Female residents from 
other disciplines may also be prone to the same risks, 
but obstetricians were studied, since it was felt that they 
were best able to give a reliable obstetric history. 

There are several explanations for decreased fetal 
growth when a mother routinely performs strenuous 
activity. Physical work involves muscle action that causes 
sympathetic vasomotor activity in the muscle tissue. 
This in turn might increase blood flow to the working 
muscle and absolutely or relatively diminish blood flow 
to the placenta. Maternal exercise, for example, is 
known to reduce uteroplacental blood flow, and ma- 


8 Vaginal l 
9 50 Vaginal 2 
9 22 Vaginal 2 
9 33 Cesarean l 
9 30 Cesarean 1 
9 28 Vaginal 1 
9 29 Cesarean l 
9 28 Cesarean —1 
0 31 Vaginal l 
0 31 _ Cesarean ] 
10 32 Vaginal l 
9 31 Vaginal l 
8 26 Vaginal ] 
10 3] Vaginal l 
9 31 Cesarean l 
0 27 Vaginal l 
9 30 Vaginal 2 
10 34 Vaginal 2 
10 30 Vaginal 2 
10 29 Vaginal 2 
3 38 Vaginal l 
0 38 Vaginal —1 
9 37 Cesarean ] 
5 33 Cesarean 2 
8 33 Vaginal 3 


ternal plasma volume and cardiac output are lower in 
the upright than in the recumbent position.’ The hard 
work performed by residents frequently in the upright 
position might potentiate intrauterine fetal growth re- 
tardation. l 

A potential bias in this study may have been a higher 
rate of response to the questionnaire among women 
having adverse pregnancy outcomes. Although this bias 
may have had some effect, intrauterine growth retar- 
dation was the only adverse outcome reported with 
increased frequency during residency. There was an 
equal distribution of cther adverse outcomes such as 
preeclampsia, preterm labor, and diabetes. In addition, 
the rates of adverse pregnancy outcome for our study 
population are not excessive and compare well with 
those reported in the literature for a population of 
similar socioeconomic status. 

In conclusion, our study suggests that a female house 
officer is at increased risk of experiencing adverse preg- 
nancy outcome. They were more likely to deliver a low 
birth weight, growth-retarded infant during residency 
than before or after residency. Because there is an as- 
sociation between low birth weight infants and fetal and 
neonatal morbidity and mortality, the results of this 
study have implications for both women considering 
pregnancy during obstetric residency and residency 
program directors who establish work and leave policies 
for parturients in their programs. Work and leave pol- 
icies in individual residency programs, however, cannot 
supersede the leave policy established by specialty 
boards. The policy of the American Board of Obstetrics 
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and Gynecologists does not allow leave time beyond 
6 weeks for any given year of training. 

Some suggestions have recently been made about 
ways to better accommodate a pregnant resident.? Mod- 
ifications of work schedules during pregnancy with 
more time off may be beneficial to the pregnant phy- 
sician.'” Alternatively, light duty (electives and pathol- 
ogy) without being on call might be assigned in the 
latter half of pregnancy. 

This study also has implications for obstetricians who 
care for pregnant residents. It is their responsibility to 
make suggestions to their patients regarding stopping 
or modifying work. Although a leave of 6 to 8 weeks 
is generally suggested for normal, uncomplicated preg- 
nancies, in cases involving heavy work such as resi- 
dency, suggested antepartum leave time may need to 
be extended to prevent adverse pregnancy outcome. 

Since increasing numbers of women have entered 
training programs, further exploration of the questions 
of what to do when pregnancy occurs during residency 
and how to protect the fetus needs to be undertaken. 
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Cholesteryl palmitate as a predictor of fetal lung maturity 


Jack Ludmir, M.D., Juan G. Alvarez, M.D., Michael T. Mennuti, M.D., 


Steven G. Gabbe, M.D., and Joseph C. Touchstone, Ph.D. 


Philadelphia, Pennsylvania 


Cholesteryl palmitate was measured by thin-layer chromatography in 98 amniotic fluid samples obtained 
from pregnancies ranging from 15 to 40 weeks. Pregnancies complicated by diabetes mellitus or Rh 
sensitization were excluded. Cholesteryl palmitate concentration increased with -gestational age from 
values <5 g/ml at 15 weeks to maximum values of 384 pg/ml at term. Seventy-three patients were 
delivered of their infants within 24 hours of sampling. The mean concentration of cholesteryl palmitate for 
55 infants without respiratory distress syndrome was 123.70 + 12.21 ug/ml (SD). For neonates that 
developed respiratory distress syndrome (n = 18), the mean concentration was 22.66 + 6.15 pg/ml (SD). 
This différence is significant (p < 0.001). For all patients delivered, respiratory distress syndrome was not 
seen when the cholesteryl palmitate concentration was >41 ug/ml (mean + 3 SD). All infants with a 
concentration below 38 pg/ml developed respiratory distress syndrome. We conclude that m2asurement of 
cholestery! palmitate concentration in amniotic fluid might be another reliable method of assessing fetal 
lung maturity and may often improve specificity when compared with other tests of fetal lung maturity. 


(AM J OssTeT GYNECOL 1987;157:84-8.) 


Key words: Cholestery] palmitate, amniotic fluid, fetal lung maturity, respiratory distress 


syndrome 


Respiratory distress syndrome (RDS) remains an im- 
portant cause of neonatal morbidity and mortality, Cur- 
rently available methods for assessing fetal lung ma- 
turity including quantitation of the phospholipid con- 
tent of amniotic fluid and determination of the physical 
properties of amniotic fluid accurately predict the ab- 
sence of subsequent RDS but lack specificity. Thus in- 
vestigators continue to search for a test that is a better 
predictor of RDS. In our laboratories, Alvarez et al.,’ 
studying amniotic fluid samples by thin-layer: chro- 
matography, have observed large amounts of nonpolar 
or neutral lipids. Cholesteryl palmitate was identified 
as a major component of these lipids. Almost 40% of 
the total nonpolar lipid fraction of amniotic fluid at 
term corresponded to cholesteryl palmitate. Since most 
amniotic fluid lecithin at term is composed of saturated 
phosphatidylcholine esterified with palmitic acid? and 
because cultured human lung fibroblasts can transport 
and esterify cholesterol,> we hypothesized that a rela- 
tionship could be demonstrated between fetal pulmo- 
nary maturation and the concentration of cholesteryl 


From the Jerrold R. Golding Division of Maternal-Fetal Medicine, 
Department of Obstetrics and Gynecology, and the Department of 
Physiology, Hospital of the University of Pennsylvania. 

Presented at the Thirty-third Annual Meeting of the Society for Gy- 
necologic Investigation, Toronto, Ontarto, Canada, March 19-22, 
1986. 

Received for publication October 3, 1986; accepted February 19, 
1987. 

Reprint requests: Jack Ludmir, M.D., Department of Obstetrics and 
Gynecology, Hospital of the University of Pennsylvania, 3400 
Spruce St., 106 Dulles, Philadelphia, PA 19104. 


84 


palmitate in amniotic fluid. We questioned whether the 
amniotic fluid concentration of cholesteryl palmitate 
could be used as a sensitive and specific predictor of 
fetal lung maturity. This article describes the analytic 
methods used and the results of our initial evaluation 
of the clinical correlation of cholesteryl palmitate and 
fetal pulmonary maturity. 


Material and methods . 


Ninety-eight amniotic fluid samples were obtained at 
gestational ages from 15 weeks to term. Fluid was ob- 
tained by transabdominal amniocentesis performéd for 
clinical indications. The population studied included 
both normal and high-risk pregnancies. Samples from 
pregnancies complicated by diabetes mellitus or Rh sen- 
sitization were excluded, as were samples contaminated 
by blood or meconium. Aliquots of amniotic fluid were 
sent immediately to the clinical laboratory for deter- 
mination of the lung profile by a modification of the 
method described by Kulovich et al.* as well as a de- 
termination of the optical density at 650 nm.> A 1 ml 
aliquot was reserved for measurement of cholesteryl 
palmitate. Thin-layer plates (Whatman LK5) were ob- 
tained from Whatman, Inc., Clifton, New Jersey. Cho- 
lesteryl palmitate was purchased from Supelco, Inc., 
Bellefonte, Pennsylvania. All solvents were of the EM 
Omnisolv grade. All chemicals were reagent grade. 

A Kontes Model 800 fiberoptic densitometer (Kontes, 
Vineland, New Jersey) interfaced with an HP3385A 
integrator was used for quantitation. 

For the assay of cholesteryl palmitate, 20 to 40 ul of 
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Fig. 1. Cholesteryl palmitate concentration as a function of gestational age. 


amniotic fluid was applied directly to the preadsorbent 
portion of Whatman LK5 layers after the method de- 
scribed by Touchstone et al. After drying under a hair 
dryer for 5 minutes, the chromatograms were pre- 
developed twice with chloroform-methanol (1:1) to the 
interface with the adsorbent, with drying after each. 
The chromatogram was then developed until the mo- 
bile phase (hexane-ether, 96:4) reached 1 cm from the 
top of the plate. Cholesteryl palmitate was applied to 
an outer lane as a reference. The chromatogram was 
then dried under a hair dryer and finally sprayed until 
wet with 10% copper sulfate in 8% phosphoric acid.® 
The chromatogram was allowed to dry for 5 minutes 
at ambient conditions and then heated in an oven at 
170° C for 10 minutes. Quantitation was performied by 
scanning in the visible mode on the densitometer. The 
integrated areas were interpolated on a standard curve 
prepared from serial amounts of cholesteryl palmitate 
applied to the layer and carried through the procedure. 

Results of the cholesteryl palmitate assay were not 
used in clinical management nor where the results re- 
ported to clinicians managing the patients. The pres- 
ence of RDS was determined by a staff neonatologist 
who was not aware of the cholesteryl palmitate con- 
centration. The diagnosis of RDS required signs of 


grunting, tachypnea, retraction, nasal flaring, and a 
reticulogranular ground-glass appearance with an air 
bronchogram on chest x-ray film, as well as the re- 
quirement of supplemental oxygen. 


Resuits 


- Fig. 1 shows that the cholesteryl palmitate concen- 
tration increased with gestational age from values of 
<5 pg/ml at 15 weeks to maximum values of 384 
pg/ml at term. For patients <32 weeks’ gestation 
(n = 27) the mean cholesteryl palmitate was 29.35 + 
6.18 pg/ml (SEM). Samples from patients between 32 
and 35 weeks (n = 27) contained a mean cholesteryl 
palmitate concentration of 56.17 + 9.45 g/ml (SEM). 
Fluid obtained from pregnancies >35 weeks (n = 43) 
had a mean cholesteryl palmitate concentration of 
127.8 + 1.51 pg/ml (SEM). Of 73 patients who were 
delivered within 24 hours after the measurement of 
amniotic fluid cholesteryl palmitate, 55 had infants 
without RDS (Table I). The mean concentration of cho- 
lesteryl palmitate for this group was 123.70 + 12.21 
ug/ml (SD). However, for neonates that developed RDS 
(n = 18), the mean cholesteryl palmitate concentration 
was 22.66 + 6.16 pg/ml (SD). The difference in am- 
niotic fluid cholesteryl palmitate concentration for in- 
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Table I. Cholesteryl palmitate concentration for 73 patients delivered within 24 hours 
of sample 






Cholesteryl palmitate (ug/ml) (mean + SD) 


*Studenit’s ¢ test. 


123.70 + 12.21 


p Value* 





22.66 + 6.16 <0.001 


Table II. Lecithin/sphingomyeélin ratio, phosphatidylglycerol, optical density at 650 nm, and cholesteryl 
palmitate (mean + 3 SD) for patients delivered 










Lecithin/sphingomyelin 











Optical density át 





ratio Phosphatidylglycerol 650 nm Cholesteryl palmitate 
RDS (n = 18) | 4 14 0 18 2 165 0 18 
No RDS (n = 55) 53 2 4] 14 4} l4 51 4 


fants with and without RDS was statistically significant 
(p < 0.001). 

We then evaluated the risk for RDS in our study 
population, using the mean cholesteryl palmitate 
concentration at which RDS occurred, 22.66 ug/ml, 
+3 SD above the mean. At this value, <41 g/ml but 
above 38 pg/ml, there were four infants. One had a 
cholesteryl palmitate concentration equal to 41 ug/ml 
and the other three had values of 40, 39.6, and 38.2 
ug/ml (Fig. 2). Each irifant (18/18), however, with an 
amniotic fluid cholesteryl palmitate concentration be- 
low 38 ug/ml subsequently developed RDS. 

We compared the lung profile, the optical density at 
650 nm, and a cholesteryl palmitate concentration of 
>41 g/dl for all patients delivered within 24 hours of 
the amniocentesis. For neonates without RDS, 51 of 55 

(93%) had a cholesteryl palmitate concentration >41 
pg/ml. Only 41 of these 55 (75%) demonstrated phos- 
phatidylglycerol (Table II). RDS. resulted in 14/16 
(88%) cases with an immature lecithin/sphingomyelin 
ratio, 18/32 (56%) without phosphatidylglycerol, 16/30 
(53%) with an immature optical density at 650 nm, and 
18/22 (82%) with a cholesteryl palmitate concentration 
below 41 ug/ml. 


Comment 

The lecithin/sphingomyelin ratio as described orig- 
inally by Gluck et al.” remains the gold standard for the 
prediction of fetal lung maturity. However, only 30% 
to 40% of neonates with an immature lecithin/sphin- 
gomyelin ratio develop RDS.*° While the test is ex- 
tremély good for prédicting pulmonary maturity and 
allowing elective delivery at term, modern obstetric care 
and intervention for premature babies require a better 
predictor of RDS when the lecithin/sphingomyelin ra- 
tio is immature. 


The lung profile as described by Kulovich et al.* has 
improved the specificity of the assay, but it is time- 
consuming, requires a larger sample of amniotic fluid, 
and must be performed by trained technicians. A num- 
ber of other tests have been developed for ease and 
rapid availability of results; as is the case with the lec- 
ithin/sphingomyelin ratio, they are reliable with ma- 
turity but lack specificity.’ In view of the above, Garite 
et al."' recently tried to reduce the number of falsely 
immature values by using a maturity cascade scheme 
combining three different tests: the shake test, fluo- 
rescence polarimetry, and lecithin/sphingoniyelin ratio. 
However, only 59% of babies with an immature cascade 
developed RDS. | 

The concentration of cholesteryl palmitate increases 
with advancing gesta-ional age. Maximum values are 
reached at term and the concentration curve of am- 
niotic fluid cholesteryl palmitate is similar to that for 
lecithin.’ The source of cholesterol esters in amniotic 


_ fluid is unknown. A recent study by Slotte et al.° has 


shown that the human lung is able to transport and 
esterify cholesterol. It is possible that this lipid could 
be a transport mode for palmitic acid and thus facilitate 
esterification to give saturated phosphatidylcholine, an 
important step in the synthesis of surfactant: An alter- 
native mechanism could be that cholesteryl palmitate 
is involved in the storage of fatty acids in the lung for 
later transesterification to occur. The fetal lung can 
support active de novo fatty acid synthesis. This activity 
presumably increases toward term and decreases after 
birth.'? Further investigation is required to elucidate 
the source and role of cholesteryl palmitate in surfac- 
tant synthesis. 

The cholesteryl palmitate assay is simple, requiring 
only 20 to 40 wl of amniotic fluid. Acetone precipitation 
and centrifugation ‘are not needed. Touchstone et al.° 
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Fig. 2. Cholesteryl palmitate concentration for patients delivered within 24 hours of sample. ®, No 


RDS. 0, RDS. 


have shown better results omitting acetone precipita- 
tion and using cupric sulfate for the detection of lipids 
separated on thin-layer chromatography. The assay 
takes 30 to 40 minutes, with the final values of choles- 
teryl palmitate obtained by densitometry. Cholesterol 
esters are present in blood attached to the lipopro- 
teins.” Thus amniotic fluid contaminated by blood or 
meconium exhibited a greater concentration of cho- 
lesteryl palmitate. On the basis of this observation we 
feel that there is no advantage in measuring cholesteryl 
palmitate in the above situations. 

In our retrospective study, we found that in normal 
pregnancies RDS was not observed with a cholesteryl 
palmitate concentration >41 ug/ml. Furthermore, all 
infants with a cholesteryl palmitate level below 38 
ug/ml developed RDS. In terms of lung maturity cho- 
lesteryl palmitate measurement is as sensitive as the 
lecithin/sphingomyelin ratio in predicting the absence 
of RDS but demonstrated greater specificity with pres- 
ence of RDS when the cholesteryl palmitate concentra- 
tion was below 38 pg/ml. With a greater number of 
cases it may be that the sensitivity of the test will be the 


same as that of the lecithin/sphingomyelin ratio, but 
the specificity will be greatly increased. 

Further studies are in progress to determine the role 
of cholesteryl palmitate in surfactant synthesis as well 
as its predictive value in high-risk pregnancies such as 
those complicated by diabetes mellitus. 


We wish to thank Isabel Lopez, M.D., and Jill San- 
deen for their technical assistance. 
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Evaluation of serum CA 125 levels in the monitoring of 


Ovarian cancer 


Ignace B. Vergote, M.D.,* Ole P. Bérmer, M.D., and Vera M. Abeler, M.D. 


Oslo, Norway 


Serum CA 125 levels were evaluated in 227 patients with ovarian cancer. CA 125 levels were elevated in 
86% of the patients. All histologic types, including mucinous tumors, were associated with raised CA 125 
levels. There was a positive correlation with tumor burden and an inverse correlation with degree of 
differentiation. In patients undergoing radical operation an elevated CA 125 level was a bad prognostic 
index. Serial CA 125 measurements were assessable in 112 patients undergoing chemotherapy. Rising or 
falling levels correlated with disease in 92% of the cases. The CA 125 level increased before clinical 
progression with a median lead time of 3 months. Only patients who showed objective response to 
chemotherapy had a decrease in antigen levels of =30% 4 weeks after the first course of chemotherapy 
and a normalization of CA 125 levels 3 months after initiation of chemotherapy. Rising levels were always 
associated with progression. These data suggest that CA 125 may aid in early identification cf 
nonresponders. However, a normal CA 125 level does not exclude the presence of disease. (AM J OBSTET 


GYNECOL 1987;157:88-92.) 


Key words: CA 125 serum levels, monitoring, ovarian cancer 


The natural history of ovarian cancer is characterized 
by intra-abdominal spread, which hinders early diag- 
nosis and accurate. monitoring of the disease. During 
recent decades a large number of antigens have been 
detected in ovarian cancers. Bast et al.' developed a 
promising assay based on a murine monoclonal anti- 
body (OC 125), reacting with the antigen CA 125, which 
is expressed by more than 80% of nonmucinous epi- 
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thelial ovarian cancers. The objectives of this study were 
to investigate the prognostic value of preoperative and 
postoperative CA 125 serum levels in ovarian cancer, 
to determine the value of CA 125 in monitoring the 
disease, and to assess the correlation between CA 125 
serum levels and histologic type and degree of differ- 
entiation. 


Material and methods 


A total of 606 serum samples from 227 patients with 
ovarian cancer have been tested for CA 125. The sam- 


_ ples were obtained between February 1983 and Feb- 


ruary 1985 and stored at —20° C until they were an- 
alyzed. All patients had follow-up until July 1986. The 
results of the CA 125 test were not known at the time 
of treatment. 

Clinical staging was performed according to the sys- 
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Table I. Preoperative and postoperative CA 125 serum levels in ovarian cancer patients 


>35 U/ml Median 
a (n) (U/ml) 


Preoperative 37 
Postoperative* 
Without residual tumor 57 
<2 cm Residual tumor 10 
=2 cm Residual tumor 46 


CA 125 level 


Range 
(U/ml) 
34 439 10-30800 
9 187 2-203 
2 247 6-1607 
42 187 6-18400 


*Samples were obtained 3 to 6 weeks after primary operation and before the start of chemotherapy. 
tp < 9.001 compared with the preoperative group and the postoperative group with =2 cm of residual tumor. 


tems adopted by the international Federation of Gy- 
necology and Obstetrics.” This series included 71 pa- 
tients in Stage I, 13 in Stage II, 108 in Stage III, and 
35 in Stage IV disease. The principles of therapy con- 
sisted of primary operation followed by cytotoxic che- 
motherapy with cisplatin, cyclophosphamide, Thio- 
tepa, or carboplatin or by instillation of radioactive 
phosphorus. 

Evaluation of response to treatment was based on 
clinical observations and radiologic data. Response ‘to 
treatment was evaluated according to the recommen- 
dations of the World Health Organization.’ Registra- 
tion of disease progression requires a 25% or more 
increase in the size of the existing lesions or the ap- 
pearance of a new lesion. Disease regression requires 
at least a 50% decrease in tumor size for at least 4 weeks 
for partial response and a disappearance of all clinical 
signs of malignancy for complete response. All relapses 
were confirmed by histologic or cytologic findings. 

One of the authors (V. M. A.) reviewed all the slides. 
The results of the CA 125 investigation were not known 
at that time. Histologic classification was performed 
with the criteria defined by the World Health Orga- 
nization.* One hundred sixteen tumors were serous, 3] 
mucinous, 22 endometrioid, 12 clear cell, 12 undiffer- 
entiated, 18 mixed, and 19 unclassifiable carcinomas. 
One patient had a malignant Brenner tumor, and three 
had nonepithelial tumors. 

CA 125 assays. CA 125 was measured by an im- 
munoradiometric (“sandwich”) assay (Abbott CA 125 
radioimmunoassay, Abbott Laboratories, North Chi- 
cago, Illinois), performed according to the instructions 
of the manufacturer. This kit uses antibody OC 125 
bound to polystyrene beads and radiolabeled OC 125 
to measure the amount of antigen bound from samples 
and standards during incubation. The interassay co- 
efficient of variation was 6% with the control sera of 
the kit. The reference limit of 35 U/ml, as proposed 
by Bast et al.," was verified in a small reference popu- 
lation. This group consisted of 45 patients with benign 
diseases. Only one patient in this group had a slightly 
elevated value. In serial analysis a doubling or halving 


of the CA 125 levels was considered a significant in- 
crease or decrease. 

Sampling. Serum samples were obtained at the mo- 
ment of referral to The Norwegian Radium Hospital. 
Most patients are referred in the postoperative phase 
or when they develop a relapse. This explains why we 
were unable to study the CA 125 levels in all patients 
during the entire treatment period. 

Serum samples were available from 37 patients be- 
fore staging laparotomy and from 113 patients after 
operation. Sampling was performed in the week before 
Japarotomy in the former group and 3 to 6 weeks after 
operation and before the start of chemotherapy or ra- 
diotherapy in the latter group. The postoperative 
group consisted of 56 patients with residual disease and 
57 patients without any. The group of patients with 
preoperative measurements was small because the ma- 
jority of patients were referred to our hospital after 
primary operation. 

In 112 patients with epithelial cancer serial mea- 
surements were performed during chemotherapy. 
Thirteen cases were excluded (11 with initially normal 
CA 125 levels and two with nonepithelial tumors). Se- 
rum samples were assessable at the moment of relapse 
in 29 patients who previously had received chemo- 
therapy but had been free of treatment for at least 
3 months. 

Second-look laparotomy was performed in 21 pa- 
tients without clinical or radiologic evidence of disease. 
Eleven patients were free of tumor after the primary 
operation. Serum samples were collected in the week 
before second-look operation. 

Statistical analysis. For statistical analysis the x° test 
and the Wilcoxon test were used. When no statistical 
analysis is mentioned, the Wilcoxon test was used. 


l Results 


CA 125 levels in preoperative and postoperative 
patients. Table I summarizes the preoperative and 
postoperative serum CA 125 levels. Postoperative 
CA 125 levels were significantly lower in patients with- 
out residual tumor and in patients with <2 cm of re- 
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Table II. Serum CA 125 levels in ovarian cancer patients with evidence of disease* in relation to 


histologic type 


Histologic type 


Epithelial tumors 
Serous cystadenocarcinoma 
Mucinous cystadenocarcinoma 4 
Endometrioid carcinoma 8 
Clear cell carcinoma 6 
Mixed carcinoma 10 
Undifferentiated carcinoma 4 
Unclassifiable carcinoma 12 

Mixed mesodermal tumor 1 

Carcinosarcoma l 


Total 114 


CA 125 level 
>35 Ulml Median Range 
(n) (U/ml) (U/ml) 

61 346 7-30800 
3 47+ 15-157 
6 308 6-1727 
3 46} 12-329 
9 286 15-3316 
3 309 10-1000 
1] 333 6-1607 
1 395 
J 48 

98 (86%) 266 6-30800 


*Preoperative and postoperative patients with evidence of disease at the moment of sampling and patients with untreated 
relapse. Patients who had more than one sample assessable have the first sample included. 


tp = 0.02 compared with serous cystadenocarcinoma. 
tp = 0.015 compared with serous cystadenocarcinoma. 


Table III. Serum CA 125 levels in ovarian cancer patients with evidence of disease* in relation to degree 


of differentiation 


CA 125 tevel 
>35 Ulml Median Range 
Differentiation n (n) (Ulmi) (U/ml) 
Borderline i 4 3 57f 7-157 
Grade 1 8 5 53t 14-358 
Grade 2 26 24 242 30-4278 
Grade 3 76 66 387 6-30800 


*Preoperative and postoperative patients with evidence of disease and patients with untreated relapse. 
tp = 0.027 compared with values for grade 2 and 3 lesions. ` 
tp = 0.007 compared with values for grade 2 and 3 lesions. 


sidual disease compared with the two other groups 
(preoperative or postoperative with >2 cm of residual 
disease; for each group p < 0.001). There was no sig- 
nificant difference between the latter two groups or 
between the former two groups (p = 0.15 and p = 
0.57, respectively). 

In 34 of 37 patients preoperative CA 125 values were 
elevated. One patient with Stage I disease, 24 with 
Stage III, and nine with Stage IV had elevated CA 125 
levels. Three patients with Stage III had values within 
the normal range (two serous and one undifferentiated 
carcinoma). 

The prognostic value of preoperative CA 125 levels 
was evaluated in 36 patients with Stage III or IV dis- 
ease. The CA 125 levels tended to correlate inversely 
with survival (median follow-up 26 months; p = 0.06). 

The prognostic value of postoperative CA 125 levels 
(sampled 3 to 6 weeks after staging laparotomy) in pa- 
tients without residual tumor was evaluated in 57 cases. 
A raised postoperative CA 125 serum level implied a 


bad prognosis, since four of eight patients with elevated 
levels had relapse, whereas only five of 49 patients with 
normal levels had relapse (median follow-up 24 
months; x’, p < 0.02). 

Histologic type and differentiation. The relation be- 
tween histologic type and serum CA 125 levels in pa- 
tients with evidence of disease is shown in Table II. 
CA 125 levels were significantly higher in serous cyst- 
adenocarcinomas than in mucinous and clear cell car- 
cinomas (p = 0.02 and p = 0.015, respectively), but no 
significant difference was observed when serous cyst- 
adenocarcinomas were compared with the other epi- 
thelial tumors. 

Grade 2 and 3 tumors showed higher CA 125 serum 
levels than borderline and grade 1 tumors (p = 0.027 
and p = 0.007, respectively). There was no significant 
difference between the former two groups (Table III). 

CA 125 monitoring profiles during chemotherapy. 
Serial measurements were performed during chemo- 
therapy in 112 patients with epithelial cancer. These 
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Table IV. Variation in CA 125 levels with disease status in response to chemotherapy 


Antigen level* 


Decreased 16 
Remained unchanged 0 
Increased 0 
Total l 16 


Complete response Stable disease 


Disease status 


Progression 
28 3 2 
0 13 3 
0 0 36 
28 16 4] 


*Doubling or halving of CA 125 levels was considered a significant increase or decrease. 


findings are presented in Table IV. CA 125 levels 
correlated with the clinical course in 93 of 101 
cases (92%). l 

A rising CA 125 level was always associated with dis- 
ease progression (n = 36). In 16 of these patients a 
significant increase in CA 125 was observed at least 
1 month before clinical evidence of progression (1 to 
8 months, median 3 months). Despite obvious clinical 
progression, two patients had decreasing CA 125 values 
(one serous and one clear cell carcinoma). 

CA 125 values normalized in 14 of 16 patients with 
complete response. Twelve of the 14 patients had a 
relapse during the observation period. During partial 
remission, CA 125 values normalized in nine of 28 pa- 
tients, whereas CA 125 levels remained elevated in all 
patients with stable or progressive disease. CA 125 mea- 
surements were performed 4 weeks after the first 
course of chemotherapy in 14 patients with partial or 
complete remission. All patients had a decrease in 
CA 125 levels ranging from 30% to 95% (mean 65%), 
whereas none of the patients with stable or progressive 
disease showed a decrease of 30%. Stable disease was 
noted in 16 patients. In 13 patients the CA 125 levels 
remained unchanged, whereas halving of the antigen 
level was observed in three patients. 

Relapse. GA. 125 levels were elevated in 27 of 29 
patients who developed relapse. All patients with pre- 
viously elevated CA 125 levels showed increasing an- 
tigen levels at the time of relapse. 

CA 125 levels at second-look laparotomy. Second- 
look laparotomy was performed in 21 patients (Ta- 
ble V). The tumor sizes associated with a normal 
CA 125 level in patients with previously elevated an- 
tigen values ranged from 5 to 20 mm. One patient, who 
was free of tumor at second-look laparotomy but had 
an elevated CA 125 level, had an intraperitoneal relapse 
16 months later. 


Comment 


CA 125 is an antigen associated with a high molecular 
weight glycoprotein, which is expressed by more than 
80% of nonmucinous ovarian carcinomas." *'° The 
specificity for ovarian carcinoma is poor, as the antigen 
is also associated with other carcinomas." *” !° Conse- 


Table V. CA 125 levels* and findings at 
second-look laparotomy 


Completeness of primary 
operation 














Second-look 






Residual No residual 


Antigen level finding tumor 

CA 125 Tumor 3 0 
<35 U/ml No tumor 57 11$ 

CA 125 Tumor l 0 
235 U/ml No tumor }t 0 

Total 10 1] 


*Samples were obtained in the week before second-look 
laparotomy. 


{Three patients had a relapse. 
Relapse. 
§One patient had a relapse. 


quently, serum CA 125 has not proved useful for dif- 
ferential diagnosis of carcinomas of unknown origin. 
CA 125 has been shown to be elevated in a number of 
benign conditions such as endometriosis, pregnancy, 
pelvic inflammatory disease, and liver cirrhosis,” '* " 
precluding use of CA 125 estimation as a screening 
method for asymptomatic patients. However, CA 125 
has been shown to be promising for monitoring patients 
with epithelial ovarian cancer." °° , 

This study reveals an elevation of serum CA 125 
levels in 86% of patients with ovarian cancer. This find- 
ing is consistent with earlier studies." °? Originally the 
usefulness of the test was restricted to nonmucinous 
epithelial tumors.! However, later reports and our find- 
ings suggest that all histologic types of ovarian caricers 
can be accompanied by elevated CA 125 levels® * ° 
(Table II). Although mucinous and clear cell carcino- 
mas often show elevated CA 125 levels, the antigen 
levels were significantly lower than in serous cystad- 
enocarcinomas. No difference was observed when se- 
rous carcinomas were compared with the other types 
of epithelial tumors. Furthermore, an inverse relation- 
ship between serum CA 125 levels and the degree of 
differentiation was observed (Table III). The higher 
CA -125 levels in less differentiated tumors were not 
caused by a difference in tumor burden, since no cor- 
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relation was observed between the degree of differ- 
entiation and tumor burden (p = 0.4). 

A remarkably good correlation (90% to 93%) has 
been reported between disease evolution during che- 
motherapy and CA 125 levels.'!\°* This correlation is 
confirmed in the current study (92%) (Table IV). How- 
ever, no additional information would be obtained 
from this test if the data coincided with the clinical 
findings. It is therefore interesting to note that both in 
earlier studies and in the present report elevations of 
CA 125 preceded clinical detection of progression with 
a median of 3 months.*'? In the current series we ob- 
served that rising CA 125 levels were always associated 
with progressive disease and that 4 weeks after the first 
course of chemotherapy all responding patients exhib- 
ited a 30% to 95% decrease in the antigen levels, 
whereas none of the patients with stable or progressive 
disease showed a decrease of 230%. Normalization of 
CA 125 3 months after the initiation of chemotherapy 
was observed only in patients with complete or partial 
response. These findings suggest that early idetitifica- 
tion of nonresponders, resulting in a reduction of tox- 
icity by avoidance of ineffective therapy, is possible. 

Sevelda et al.® suggested that chemotherapy may se- 
lect CA 125—negative cell clones. This phenomenon has 
also been observed with other tumor markers.'’* We 
observed no such tendency, as all patients with previ- 
ously elevated CA 125 levels showed rising values when 
developing a relapse after chemotherapy. 

Several studies '*'® have demonstrated that an ele- 
vated CA 125 level may predict the presence of intra- 
peritoneal tumors at second-look procedures but that 
a normal CA 125 level does not exclude the presence 
of disease. These findings were confirmed in the pres- 
ent study; the maximum tumor size associated with a 
normal CA 125 level in patients with previously ele- 
vated antigen concentrations was 20 mm. One patient 
free of tumor at second-look laparotomy but with an 
elevated CA 125 level had an intraperitoneal relapse 
16 months later. 

The prognostic value of preoperative and postop- 
erative CA 125 levels has been evaluated in this study. 
The preoperative CA 125 levels tended to correlate 
inversely with survival in patients with Stage III or IV 
disease. In patients without residual tumor an elevated 
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CA 125 level (sampled 3 to 6 weeks after operation) 
was a bad prognostic index. 
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Serum copper level in gynecologic malignancies 


Ehud J. Margalioth, M.D., Raphael Udassin, M.D., Chaim Cohen, M.D. , Josef Maor, B.Sc., 


Shaul O. Anteby, M.D., and Josef G. Schenker, M.D. 


Jerusalem, Israel 


Serum copper level was determined before operation in 179 patients with various histologically proved 
gynecologic tumors: malignant, benign, or metastases to the ovary. Serum copper level was significantly 
higher (p < 0.01) in all groups of patients with cancer and in the benign group when compared with control 
subjects. Serum copper level correlated well with stage of cancer disease (r = 0.70 to 0.79) except for 
ovarian carcinoma, in which serum copper level was already significantly elevated in Stages | and Il. The 
sensitivity of serum copper level >150 w.g/di in detecting malignancy was 87% to 100% in late cancer 
stages in all malignancies. Our data imply that the addition of serum copper level determination to other 
screening tests could increase their sensitivity. (Am J OpsteT GYNECOL 1987;157:93-6.): 


Key words: Serum copper level, gynecologic malignancies 


Serum copper levels have been found to be elevated 
in the presence of certain neoplastic processes and in 
some benign nonneoplastic conditions. The closest cor- 
relation between serum copper levels and the activity 
of the malignant process was shown in malignant lym- 
phomas in general, in Hodgkin’s disease in particular, 
and in acute lymphocytic leukemia.' High serum cop- 
per levels were reported in solid tumors such as car- 
cinoma of the lung, gastrointestinal carcinoma, breast 
carcinoma, and osteosarcoma.” * Among gynecologic 
malignancies, serum copper levels were investigated 
only in carcinomas of the cervix and ovary.*® We have 
previously reported that a serum copper level of 150 
g/dl clearly separates patients with a pelvic mass on 
the basis of ovarian carcinoma and those with benign 
noninflammatory pelvic lesions.’ 

The aim of this study was to assess the significance 
of serum copper levels as a tumor marker in different 
gynecologic malignancies. This study was carried out 
in a large group of patients with various histologically 
proved gynecologic malignancies and correlated serum 
copper levels with the stage-of the disease. 


Material and methods 


All women admitted to the Gynecological Service of 
Hadassah University Hospital for the evaluation of a 
possible gynecologic malignancy during 4 consecutive 
years were studied. Patients known to have liver disease 
or those receiving estrogen or other hormonal therapy 
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were excluded. Blood samples for copper determina- 
tion were collected before any treatment was given to 
minimize the variations that might have resulted from 
the stress of the surgery. The final diagnosis was based 
on histologic proof in all patients. Staging was assigned 
according to the International Federation of Gynecol- 
ogists and Obstetricians classification system. Twenty 
healthy women served as the control group. 

Serum copper analysis. To avoid trace element con- 
tamination, blood was collected in specially cleaned 
plastic syringes and placed in plastic tubes until coag- 
ulation occurred. Serum was separated and deep fro- 
zen in another set of plastic tubes until the day of the 
test. Serum samples were diluted three times to avoid 
the problem of viscosity and aspiration rate. A per- 
manent control (Monitor I lyophilized Dade division, 
United States) was used, and pooled serum was run as 
a secondary control. Titrisol standard solution (Merck 
Sharpe and Dohme, West Germany) was used as the 
stock standard, and a calibration curve was made from 
freshly prepared standard of 50, 100, 200, 300, and 
400 y% in pooled serum. Each test was performed in 
duplicate by the atomic absorption spectrophotometer 
(Varian Technicon Model 1200 atomic absorption spec- 
trophotometer, Techtron, Melbourne, Australia). The 
optimal wave length was 324.7 mm with a 0.2 mm slit 
width. The recovery rate was 94% to 96%, with stan- 
dard deviation + 6.4%. 

Statistical methods. Student ! test and linear regres- 
sion test were used for statistical evaluation of the 
results. 


Results 

One hundred seventy-nine patients and 20 control 
subjects were included in the final study. One hundred 
three patients had gynecologic malignancies (vulvar, 
nine; cervical, 22; endometrial, 25; and ovarian, 47), 
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Table I. Serum copper levels in the various groups of patients according to stage of disease (number 


of patients) 


Serum copper levels (ug/dl) (mean + SEM) 


Stage 


No. of 
— — 


Vulvar cancer 163 + 10 
Cervical cancer 3 159 + 104 
Endometrial cancer 25 152 + 6ł 
Ovarian cancer 47 185 + 4*ł 
Nongynecologic cancers 14 200 + 11* 
Benign lesions 62 145 + 3§ 
126 + 4 


Controls — 20 


(6) 148 + 9t 

(9) 129 + 10] 
(18) 142 + 5t 

(4) 174 + 6*t 


(2) 181 + 178 
(5) 188 + 20t 
(3) 164 + 7*t (2) 183 + 14*} 
(4) 189 + 9#} (24) 184 + 7*4} 


(1) 215%} 
(3) 266 + 264 
(2) 202 + 34+ 
(15) 189 + 8*t 
(14) 200 + 11ł 


(5) 145 + 8t 





*p < 0.05 compared with benign lesion. 

tp < 0.05 compared with the control group. 

tp < 0.01 compared with the control group. 

§p < 0.001 compared with the control group. 
[Not significant compared with the control group. 


14 patients had nongynecologic cancers, and 62 pa-. 


tients had benign lesions. Table I summarizes the num- 
ber of patients (subgrouped according to the Inter- 
national Federation of Gynecologists and Obstetricians 
clinical stage of the disease) in each diagnosis with the 
corresponding serum copper level. The serum copper 
level was significantly higher (p < 0.01) in all groups 
of patients with cancer and in the benign group when 
compared with the control group. The mean serum 
copper level was not significantly different when com- 
pared with the benign group in all stages of gynecologic 
cancers except for all patients with ovarian carcinoma. 
In patients with ovarian carcinoma, regardless of the 
stage of the disease, the serum copper level was statis- 
tically different when compared with that found in the 
benign’ group (p < 0.05). In. general, a higher mean 
serum copper level was noted in all subgroups ‘with 
malignancy in Stages III and IV when compared with 
the benign group, but in some patients this was of no 
statistical significance since the number of patients was 
small. 

Serum copper eels correlated with the stage of can- 
cer disease in all gynecologic malignancies except for 
ovarian carcinoma in which serum copper levels were 
already significantly elevated in Stages I and II. Fig. 1 
illustrates this correlation. All nongynecologic: malig- 
nancies were in Stage IV. They consisted of seven pa- 
tients with colon carcinoma, two with pancreatic car- 
cinoma, three with metastatic breast carcinoma, and 
two with dessiminated malignant melanoma. The high- 
est serum capper levels of all patients in our study were 
found in this group (200 + 11 g/dl). Sixty-two pa- 
tients were diagnosed as having benign gynecologic le- 
sions such as myoma uteri, Ovarian cyst, or cervical 
polyp. Twenty three of these patients (37%) had a se- 
rum copper level > 150 wg/dl. Six of these patients with 


a serum copper level >150 g/dl had torsion of an 
ovarian cyst or myoma with necrosis, five had a benign 
lesion and had had cholecystectomy, four suffered 
from congestive heart failure and were treated with 
digoxin and diuretics, and one had severe anemia. In 
seven patients, no suggestive cause for the elevated se- 
rum copper level was found. 

The sensitivity of serum copper levels >150 pg/dl in 
detecting malignancy in the various subgroups of pa- 
tients is outlined in Table II.-It is apparent that the 
sensitivity is significantly-higher in late cancer stages in 
all malignancies (87% to 100%) when compared with 
the sensitivity in early cancer stages (21% to 43%) ex- 
cept for ovarian carcinoma, in which it detected all eight 
patients in Stages I and II. Only two of 47 patients with 
ovarian carcinoma were not detected by this criterion 
of serum copper levels. ` 


Comment 


Significantly elevated levels of serum copper were 
demonstrated in this study in patients with both gy- 
necologic and nongynecologic cancers. Not only is this 
test highly sensitive, especially in disseminated cancer, 
but the level also correlated with the stage of the disease 
(r = 0.70 to 0.79). Such correlation was clearly shown 
in malignant lymphomas’ but has yet to be shown in 
gynecologic malignancies. In a previous study® we re- 
ported that a serum copper level of 150 g/dl separated 
patients with ovarian carcinoma from those with benign 
noninflammatory pelvic lesions. We also reported that 
serum copper levels may be used to monitor the efficacy 
of chemotherapy; elevated serum copper levels in pa- 
tients with ovarian carcinoma decreased significantly as 
the disease activity was reduced in response to therapy 
and indicated a remission state. Others* have reported 
an elevation in serum copper levels in gynecologic ma- 
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Fig. 1. Serum copper levels at the various stages of gynecologic cancers. 


Table II. The sensivitity of serum copper levels >150 wg/dl in detecting malignancy in various groups 


of patients 


Stages I + I Stages III + IV All 
Diagnosis N (%) N (%) N (%) 
6 33 


Vulvar cancer 


Cervical cancer 14 21 
Endometrial cancer 21 43 
Ovarian cancer 8 100 
Nongynecologic cancers — — 
Total 49 i 45 


lignancies but in very small series. Correlation with the 
stage of disease was reported only in cervical cancer.’ 
Outstanding in this regard in our study® is ovarian 
carcinoma, in which serum copper levels were sig- 
nificantly higher than the healthy state already in 
Stages I and II. Ovarian carcinoma is also notable for 
the high sensitivity of the serum copper level test for 
its detection. Forty-five of 47 patients with ovarian car- 
cinoma were detected by serum copper levels >150 
g/dl with 96% sensitivity. It is of interest to note that 
serum copper levels in ovarian carcinoma were not only 
elevated when compared with the healthy state but also 
when compared with serum copper levels in patients 
with benign lesions. The elevation in serum copper 
levels already evident in early stages of ovarian carci- 
noma may be attributed to elevated estrogen levels as 
seen in pregnancy or contraceptive treatment.’ Scully® 
stated that patients with primary epithelial tumors of 
the ovary have enhanced endocrine activity of the 
stroma. According to the author ovarian tumors secrete 
hormones and especially estrogens at subclinical levels. 
A negative result of the serum copper level test (ac- 
cording to the 150 wg/dl level) in patients with a pelvic 
mass strongly indicates that ovarian carcinoma is not 
the cause and also that pelvic metastases from nongy- 


3 100 9 55 
8 87 22 45 
4 100 25 52 
39 95 47 96 
14 93 14 93 
68 94 117 73 


necologic malignancy could be ruled out. Furthermore, 
a low serum copper level in gynecologic malignancy 
other than ovarian carcinoma indicates a localized 
disease. 

The exact mechanism of hypercupremia in malig- 
nancy is unclear. Some authors?’ have raised the theory 
that the increase in serum copper levels may be a de- 
fense mechanism against tumors, since copper can re- 
tard the growth of tumors in vitro or inhibit their de- 
velopment in vivo. Others hypothesize that cerulo- 
plasmin is resialylated at the tumor cell surface and the 
decrease in catabolism, which is due to this process, 
could account for the increase in serum copper levels 
in patients with neoplasia. Moreover, an increase in 
serum hexosamine, which is brought about by the re- 
lease of tumor degradation products, was found to be 
positively correlated with a rise in serum copper levels 
and has been considered a possible mechanism." 

When serum copper levels are considered an additive 
to the long list of cancer screening tests, one should be 
cautious about overly relying on this test. Numerous 
nonmalignant conditions can cause an elevation in se- 
rum copper levels, such as nonspecific inflammatory 
processes, liver disease, pregnancy, and estrogen treat- 
ment. In certain conditions the cause for the elevation 
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remains unknown. One of the 20 healthy women in 
our control group had a serum copper level >150 
g/dl level. Twenty three of the 62 patients with benign 
gynecologic lesions (37%) had serum copper levels 
>150 pg/dl. Inflammatory processes, congestive heart 
failure, and anemia could probably account for this 
elevation in 11 patients. The other 12 patients had no 
apparent cause. It is tempting to relate the elevation in 
serum copper levels with the state after cholecystectomy 
in five patients, since most of the copper is excreted 
from the body via the bile. 

The problem of early detection of ovarian carcinoma 
was dealt with by Goswamy et al.,'? who suggested that 
ultrasonography could be the modality of screening. 
Our data imply that the addition of serum copper level 
determination to this or any other screening test could 
increase the sensitivity. 

The correlation found in this study between serum 
copper level and stage of disease is important not only 
from the diagnostic point of view but may also imply 
that theories on copper as one of the causes of cancer’? 
should be reevaluated and elevation in serum copper 
levels should be regarded as a sequelae of cancer rather 
than its cause. 
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Placental glycolysis and energy metabolism in preeclampsia 
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We examined the possibility that in preeclampsia complicated by fetal growth retardation, placental energy 
State is low either because of impaired glycolysis or because of ischemia resulting from reduced maternal 
placental blood flow. Concentrations of pyruvate and lactate, but not of glycogen and glucose, were 
significantly low in placentas of mothers with severe preeclampsia, supporting previous indirect evidence of 
inhibited glycolysis. Nevertheless, direct measurements of adenine nucleotide concentrations did not 
indicate reduced placental energy level in the preeclamptic placentas. This along with a lack of change of 
the ratio of lactate/pyruvate concentration (an indication of the redox state of cytoplasmic reduced 
nicotinamide adenine dinucleotide/nicotinamide adenine dinucleotide) is also evidence against the 
hypothesis of general placental ischemia leading to energy deficiency. However, as glycolysis is an 
important source of precursors, particularly pyruvate, for synthesis of amino acids ard lipids, these results 
suggest that there is a significant metabolic abnormality in placentas of mothers with severe preeclampsia. 


(Am J OssteT GYNECOL 1987;157:97-101.) 


Key words: Placental glycolysis in preeclampsia; placental energy state in preeclampsia; 


placental ischemia in preeclampsia 


The causes of the fetal growth retardation that occurs 
in preeclamptic toxemia are unknown. It is known that 
maternal placental blood flow in preeclamptic toxemia 
is reduced," * and this is probably, at least in part, 
due to increased incidence of placental infarction 
and pathologic changes of the uterine spiral arteries 
that have been observed by light and electron micros- 
copy.”* It has been suggested that this reduced flow 
impairs nutrient supply to the fetus. However, a lack 
of clear correlation between reduced intervillous blood 
flow rate and infant birth weight in severe preeclamp- 
sia argues against this as a primary factor. Further- 
more, there is as yet no evidence that nutrients or other 
substances whose placental transfer is blood-flow lim- 
ited (notably the blood gases and perhaps glucose) 
become limiting factors in fetal growth in these cir- 
cumstances. 

Another possibility is that placental function is itself 
impaired. Two recent lines of investigation suggest this 
possibility in different ways. We have found that in 
normal human placentas tissue energy level falls rap- 
idly during experimental ischemia apparently because 
there is no appreciable stimulation of anaerobic aden- 
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osine triphosphate synthesis through the glycolytic 
pathway.® This indicates that the placenta may be vul- 
nerable to reduced blood flow, and we have sug- 
gested that in preeclampsia a decreased energy state 
brought about by ischemia could compromise energy- 
dependent placental functions such as active placental 
transfer (e.g., of the amino acids) and protein hormone 
synthesis.” Somewhat in accord with this, structural and 
ultrastructural abnormalities attributable to ischemia, 
including focal areas of necrosis in the syncytiotro- 
phoblast, have been observed in tissue of placentas 
from preeclamptic pregnancies.® Necrotic and prene- 
crotic areas in placentas of pregnancies complicated by 
intrauterine growth retardation (both with preeclamp- 
tic toxemia and without) have recently been identified 
as located in syncytiotrophoblast immediately adjacent 
to occluded or partially occluded spiral arteries.’ It is 
possible that these areas of necrosis are the visible foci 
of more general ischemia. If this hypothesis is correct 
we would expect placentas from pregnancies with se- 
vere preeclamptic toxemia and fetal growth retardation 
to show signs of general hypoxia and reduced energy 
level. 

In the second line of investigation Diamant and 
Kissilevitz’ found that the activity of pyruvate kinase, 
a rate-limiting enzyme of the glycolytic pathway, was 
low in placentas from pregnancies with severe pre- 
eclamptic toxemia and fetal growth retardation. This 
might be expected to reduce the flux through the gly- 
colytic pathway and thus reduce anaerobic adenosine 
triphosphate synthesis. Besides possibly reducing cel- 
lular energy level, inhibition of glycolysis would also be 
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Fig. 1. Glycolytic metabolite concentrations in preeclamptic and normal placentas, by gestational 
age. O, Individual values from 13 preeclamptic placentas. The regression (Lroken lines) are shown 
with the standard errors about them (continuous lines). O , Mean values from preeclamptic- placentas 
at 39 weeks’ gestation, computed by linear regression analysis from the individual values. @ , Mean 
values from eight control placentas at 39 weeks. Vertical bars indicate the standard error of the mean. 
For lactate and lactate/pyruvate ratio a 39-week preeclamptic value is hidden by the mean value 


symbol. ** = p < 0.01; * = p< 0.05. 


expected to alter the concentration or availability of 
certain key metabolites. One of these is pyruvate, which 
is the main substrate for the citric acid cycle (hence, 
aerobic adenosine triphosphate synthesis) and a central 
intermediate in lipid and amino acid as well as carbo- 
hydrate metabolism (see Comment). However, pyru- 
vate kinase is under complex metabolic control, and a 
reduced assayed total pyruvate kinase activity would be 
meaningful only if it reflected an in vivo change that 
does bring about an inhibition of glycolysis and does 
affect the concentration of pyruvate or other key me- 
tabolites in preeclampsia. 

We report here an initial study to test this by mea- 
suring the concentrations of the immediate products 
of glycolysis and of pyruvate kinase itself (pyruvate and 
lactate) as well as the substrates of glycolysis (glycogen 
and glucose) in placentas from mothers with severe 
preeclamptic toxemia, and comparing them with con- 
centrations from normal mothers. In addition, to test 
whether there is a general ischemia of placental tissue 
in preeclampsia, we searched for evidence of tissue 
hypoxia in noninfarcted areas by measuring the lac- 
tate/pyruvate concentration ratio, which is an indica- 
tion of the redox state of the cytoplasmic reduced nic- 
otinamide adenine dinucleotide/nicotinamide adenine 
dinucleotide couple.’ Also, as both hypotheses involve 
the possibility of an effect on placental energy state, we 
have examined this directly by measuring the concen- 


trations of the individual adenine nucleotides in both 
groups of placentas. 


Material and methods 


Experimental design. Labor and vaginal delivery af- 
fect both adenine nucleotide and glycolytic metabolite 
concentrations in human placenta.’ For this reason the 
study was confined to placentas delivered by cesarean 
section. As most patients with severe preeclamptic tox- 
emia were delivered of their infants prematurely, it was 
not possible to obtain gestation-matched controls from 
normal pregnancies. Therefore, to allow for any effect 
of gestational age, values from preeclamptic placentas 
were subjected to regression analysis to compute an 
estimated mean value and standard error at 39 weeks.® 
This was then compared by conventional ¢ test with 
values from a group of normal placentas sampled dur- 
ing cesarean section at 39 weeks. 

Patients. There were 13 women with preeclamptic 
toxemia and eight unmatched controls. Control moth- 
ers were delivered of their babies by cesarean section 
for breech presentation, for cephalopelvic dispropor- 
tion, or because of previous cesarean section. In none 
was there any placental problem, hypertension, or an- 
tenatal complication. The study subjects were inpatients 
at Queen Charlotte’s Maternity Hospital and had pre- 
eclampsia as defined by The American College of Ob- 
stetricians and Gynecologists.’ Ten of the patients with 
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Fig. 2. Adenine nucleotide concentrations in preeclamptic and normal placentas, by gestational age. 
O, Individual values from preeclamptic placentas; O , computed 39-week mean values from pre- 
eclamptic placentas; @ , mean 39-week values from control placentas. Details as for Fig. 1. For 
adenosine triphosphate (ATP), adenosine monophosphate (AMP), adenosine triphosphate/adenosine 
monophosphate ratio, and “energy charge,” a 39-week preeclamptic value is hidden by the mean 
value symbol. * = p < 0.05. The difference for adenosine triphosphate/adenosine monophosphate 
ratio between preeclamptic and control values approaches significance (t = 2.0, p = 0.05). “Energy 
charge” values (Atkinson") are given by ([ATP] + % [ADP])/([ATP] + [ADP] + [AMP]), where 


ADP = adenosine diphosphate. 


preeclamptic toxemia (compared with three of the con- 
trols) were primiparous. The maximum diastolic blood 
pressure was 110 to 135 mm Hg in nine of the study 
group patients and 95 to 105 mm Hg in the other four. 
Five had proteinuria greater than 900 mg/24 hr. The 
highest antenatal uric acid level was 0.40 to 0.60 
mmol/L in eight patients and 0.30 to 0.39 mmol/L in 
five. The indication for cesarean section was deterio- 
ration of fetal or maternal state in all cases. The ges- 
tational ages at delivery (mean, 35 weeks) can be seen 
in Figs. 1 and 2. Only two of the infants in the pre- 
eclamptic toxemia group weighed more than 2.5 kg, 
whereas eight weighed less than 2.0 kg and three less 
than 1.5 kg. The mean birth weight (1.95 + 0.15 [SEM] 
kg) was significantly (p < 0.001) less than that of the 
controls (3.31 + 0.14 kg), and seven of the 13 had in- 
trauterine growth retardation (birth weight less than 
the tenth centile for gestational age). The mean age of 
the mothers in the two groups was similar (preeclamptic 
toxemia, 29 years; control, 32 years). We conclude from 
the clinical and laboratory data that the study group 
was composed of women with severe preeclamptic 
toxemia. 

Placental tissue sampling. Placentas were delivered 
at cesarean section. In all but three cases section was 
performed under epidural blockade with 0.5% w/v bu- 


pivacaine hydrochloride (Marcaine, Duncan Flockhart, 
London, United Kingdom) or 1.5% w/v lidocaine hy- 
drochloride (Xylocaine, Astra Chemicals, Watford, 
United Kingdom) or both. Three of the operations 
were performed with the patients under general an- 
esthesia with halothane (Fluothane, I.C.I. Pharmaceu- 
ticals, Macclesfield, Cheshire, United Kingdom)/ni- 
trous oxide/oxygen. No effect of different anesthetic 
regimen could be detected from the results. 

For each placenta an area of villous tissue free of 
obvious infarcts or other damage was: freeze-clamped 
with tongs precooled in liquid nitrogen, as soon as pos- 
sible after delivery (41 + 5 seconds for the study group 
and 39 + 2 seconds for the controls). The frozen sam- 
ples were stored in liquid nitrogen for later assay. 

Metabolite assays. Placental tissue concentrations of 
pyruvate, lactate, glucose, glycogen, adenosine tri- 
phosphate, adenosine diphosphate, and adenosine 
monophosphate were all measured by spectrophoto- 
metric and fluorometric enzymatic methods as de- 
scribed in detail elsewhere.’ 


Results 

Glycolytic metabolites. Fig. 1 shows that the esti- 
mated 39-week pyruvate and lactate concentrations in 
villous tissue of placentas from mothers with severe 
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preeclamptic toxemia were significantly lower than in 
the 39-week control placentas. The ratio of lactate/py- 
ruvate concentration was not significantly different. On 
the other hand, neither glycogen nor glucose concen- 
tration was reduced in the preeclamptic placentas; if 
anything, the glycogen concentrations tended to be 
somewhat (although not significantly) higher than in 
the controls. 

Adenine nucleotides. The concentrations of aden- 
osine triphosphate and adenosine diphosphate and 
the “energy charge”! were not significantly altered 
in tissue of placentas from the preeclamptic women 
(Fig. 2), but the 39-week adenosine monophosphate 
value was significantly higher, and the adenosine 
triphosphate/adenosine monophosphate ratio, as ex- 
pected, tended to be lower than in normal placentas. 


Comment 


For the preeclamptic placentas the necessity to cor- 
rect the measured results statistically for gestational 
age resulted in increased standard errors (See Figs. ] 
and 2). Even so, metabolite concentrations were found 
to be significantly different from those in controls. 

The reduced tissue concentrations of pyruvate and 
lactate, the products of glycolysis (Fig. 1), without a 
reduction in the concentrations of the precursors gly- 
cogen and glucose indicate inhibition of a step in the 
glycolytic pathway in the preeclamptic placentas. ‘This 
supports the finding by Diamant and Kissilevitz’ of a 
lowered in vitro activity of pyruvate kinase and indi- 
cates that there is indeed a metabolic change in vivo. 
If these results reflect a reduced flux through the gly- 
colytic pathway, they may also be consistent with a re- 
port that glucose utilization was reduced in placentas 
from deliveries of growth-retarded infants.'' However, 
it was not stated whether these were associated with 
maternal preeclamptic toxemia. As pyruvate is a major 
substrate for the citric acid cycle, its reduced concen- 
tration could perhaps also explain the tendency toward 
low oxygen consumption reported by Tremblay et al., 
although, if flow through the citric acid cycle was re- 
duced in our preeclamptic placentas, it did not seriously 
impair the tissue energy state (Fig. 2 and see below). 
On the other hand, Ginsburg and Jeacock” found a 
slightly greater production of lactate by incubated pla- 
cental slices from preeclamptic pregnancies compared 
with normal pregnancies. This is inconsistent with our 
results but may represent an in vitro effect of the higher 
glycogen concentrations that we find in the preeclamp- 
tic placentas (Fig. 1). 

An inhibition of the glycolytic pathway might itself 
have been expected to reduce cellular energy level in 
the preeclamptic placentas, but judged by adenosine 
triphosphate and adenosine diphosphate concentra- 
tions and “energy charge” (Fig. 2), this was not so. 


July 1987 
Am J Obstet Gynecol 


This lends support to our contention from previous 
work" that the glycolytic pathway to lactate is not a 
major source of energy in the human placenta. Perhaps 
the role of glycolysis in energy production in this tissue 
is less important than its role in providing precursors 
for the synthesis of amino acids, lipids, nucleic acids, 
and other end products. This may be why placental 
lactate production continues even in conditions favor- 
able for oxidative phosphorylation and is barely stim- 
ulated by ischemia or hypoxia.” " 

Pyruvate (in tissues studied) is an important precur- 
sor generated by the glycolytic pathway, and pyruvate 
kinase is a key enzyme regulating the areas of metab- 
olism mentioned above, at least in part through its in- 
fluence on the availability of pyruvate. Metabolic ef- 
fectors of carbohydrate and lipid metabolism, including 
acetyl coenzyme A and citrate, are also formed from 
pyruvate, which is itself an activator of pyruvate de- 
hydrogenase (which converts pyruvate to acetyl coen- 
zyme A).'> Therefore, if the role of pyruvate in human 
placenta is comparable with that in other tissues such 
as liver or adipose tissue—and enzyme patterns indicate 
that this is so’™—then a reduction of its concentration 
would indicate a significantly altered placental metab- 
olism. 

Our results do not indicate at what stage in the prog- 
ress of preeclampsia this metabolic abnormality devel- 
ops. If it occurs early it is more likely to be of conse- 
quence to the fetus. It seems improbable that the rather 
specific changes that we find (see also below) are a part 
of the late general deterioration of the fetoplacental 
unit in fulminant preeclampsia. 

Ischemia and energy state. Tissue hypoxia and isch- 
emia generally elevate the ratio of lactate/pyruvate con- 
centration because of an increase of the cytoplasmic 
reduced nicotinamide adenine dinucleotide/nicotin- 
amide adenine dinucleotide ratio” The lack of effect 
of preeclampsia on the ratio (Fig. 2) indicates that there 
was no appreciable general hypoxia of the cells. Neither 
was there a significant deficiency of adenosine triphos- 
phate concentration or energy charge nor a raised 
adenosine diphosphate level to suggest impairment of 
placental energy state in the preeclamptic placentas. 
These results are not consistent with the hypothesis that 
placental insufficiency in preeclampsia is attributable 
to generally reduced energy level resulting from isch- 
emia. Presumably any of the focal ischemic changes that 
have been observed microscopically* ° affected a rela- 
tively small proportion of the tissue we studied and did 
not appreciably alter average adenine nucleotide con- 
centrations. We did, however, avoid sampling obviously 
infarcted areas (see Material and methods). 

Changes in cellular adenosine triphosphate concen- 
tration tend to be accompanied by much larger recip- 
rocal percentage changes in adenosine monophosphate 
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concentration because of the amplifying effect of ad- 
enylate kinase.'® We did find significantly higher aden- 
osine monophosphate concentrations in placentas from 
mothers with preeclampsia (Fig. 2). This may be an 
indication of a relatively early effect on adenosine tri- 
phosphate synthesis that was not detected by our mea- 
surements. In any case the high adenosine monophos- 
phate concentration and tendency toward low aden- 
osine triphosphate/adenosine monophosphate ratio 
(Fig. 2) in preeclamptic placentas is a further indication 
of altered metabolic state, particularly because both 
these nucleotides are themselves metabolic regulators. ’® 
Whereas it is accepted that there are focal areas of 
structural change in preeclamptic placentas," we could 
find no evidence of a generalized reduction of energy 
state, or ischemia, in the placentas we studied. We did, 
however, find evidence of an impairment of the gly- 
colytic pathway, with reduced pyruvate and lactate con- 
centrations in preeclamptic placentas. This may indi- 
cate a deficiency in the metabolic pathways of nutrient 
synthesis in these placentas, contributing to the state of 
“placental insufficiency” in established preeclampsia. 


We are very grateful for the help of the nursing staff 
of the labor ward at Queen Charlotte’s Maternity Hos- 
pital. 
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Calculated capillary hydrostatic pressure in normal pregnancy 


and preeclampsia 


Pal Øian, 


Tromsø, Norway 


M.D., Ph.D., and Jan Martin Maltau, M.D., Ph.D. 


Capillary hydrostatic pressure has been calculated in normal pregnancy and preeclampsia. In humans, 
capillary hydrostatic pressure cannot be measured directly but may be calculated when the cclloid osmotic 
pressure in plasma and interstitial fluid. and Interstitial fluid hydrostatic pressure are known (Starling 
equation). New methods have made it possible to measure the interstitial fluid colloid osmotic pressure 
and interstitial fluid hydrostatic pressure. In the present study interstitial fluid was collected from the 
subcutaneous tissue by implanted wicks (wick method), and interstitial fluid colloid osmotic pressure was 
determined. Interstitial fluid hydrostatic pressure was recorded by the wick-in-needle technique. Capillary 
hydrostatic pressure was calculated in 10 women in the first trimester and 10 in the third trimester of 
normal pregnancy, in 15 patients with mild preeclampsia, and in 13 women with severe preeclampsia. In 
normal pregnancy, capillary hydrostatic pressure increased by about 30% between the first ard third 
trimesters. In mild preeclampsia, capillary hydrostatic pressure values did not differ significantly from those 
in the third trimester of normal pregnancy. However, in severe preeclampsia capillary hydrostatic pressure 
was significantly lower (40%) than in mild preeclampsia. Whether the low capillary hydrostatic pressure is 
caused by the severe general vasospasm seen in this condition or is a secondary event is unxnown. (Am J 


OBSTET GYNECOL 1987;157:102-6.) 


Key words: Pregnancy, preeclampsia, capillary pressure 


The hemodynamic adjustment to pregnancy requires 
profound alterations in the maternal circulatory sys- 
tem. Some of the central hemodynamic changes have 
been studied extensively, but less attention has been 
given to changes in the microcirculatory system. As 
stated by Guyton,' the most purposeful function of the 
circulation occurs in the. capillaries, namely, inter- 
change of nutrients and cellular excreta between the 
tissues and the circulating blood. 

As outlined by Starling,’ the size and direction of 
capillary filtration are determined by the transcapillary 
differences in hydrostatic and colloid osmotic pressures 
across the capillary membranes and by the properties 
of the capillary wall. Any increase in interstitial fluid 
volume js caused by a net capillary filtration exceeding 
lymphatic flow (L). Net capillary filtration (F) is de- 
scribed by the equation: 


F = CFC ([Pc — Pi] - o[COPp — COPi]) (Equation 1) 


where CFG, the capillary filtration coefficient, repre- 
sents the amount of net filtrate formed in 100 gm of 
tissue/min for each rise in millimeters of mercury in 
net capillary filtration. Pc and Pi are average hydrostatic 
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pressures in the capillaries and interstitial fluid. o is the 
capillary reflection coefficient for plasma proteins. 
COPp and COPi are colloid osmotic pressures of 
plasma and interstitial fluid. 

The present knowledge of transcapillary pressures 
in average capillaries is mainly based on experiments 
in laboratory animals. New methods, suitable for stud- 
ies of the so-called “inaccessible tissue forces,” 1.e., in- 
terstitial fluid colloid osmotic pressure and intersti- 
tial fluid hydrostatic pressure, have made it possi- 
ble to study transcapillary fluid balance in pregnant 
women. When colloid osmotic pressure in plasma, 
interstitial fluid, and interstitial fluid hydrostatic pres- 
sure are known, the capillary hydrostatic pressure can 
be calculated. The purpose of the present investigation 
was to study changes in capillary hydrostatic pressure 
in normal pregnancy and in preeclampsia. 


Material and methcds 


The following four groups were studied. 

Normal pregnancy: First trimester. Ten healthy 
women who were 20 to 39 years old (mean, 29.8 years), 
pregnant in weeks 7 to 12 (mean, 8.4), were studied. 
The average systolic/diastolic blood pressure (mean + 
SD) was 119 + 7/77 + 5 mm Hg. | 

Normal pregnancy: Third trimester. Ten women 
who were 23 to 35 years old (mean, 28.8 years), preg- 
nant in weeks 30 to 40 (mean, 36.0), were studied. All 
the pregnancies were uneventful, and the birth weights 
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Table I. Some characteristics of the four groups studied (means + SD) 


Normal pregnant 
First trimester Third trimester Mild 
(n = 10) 






Preeclamptic 





Severe 














Blood pressure (mm Hg) VIS 7/7725 116: 13/755 15] + 8/99 + 7 174 + 10/115 + 6 

Proteinuria (gm/24 hr) — — 1.8 + 1.3 6.4 + 3.1 

Hemoglobin (gm/dl) 13.0 + 0.7 11.7 + 1.1 12.5 + 0.9 TS a TO 

Hematocrit (%) 38.4 + 2.1 31.1 + 2.3 37.6 + 2.4 39.2 + 2.4 

Serum albumin (gm/L) 45.0 + 1.8 36.2 + 4.4 34.2 + 4.] 27.2 + 3,1 

Serum total protein (gm/L) 68.8 + 4.3 63.3°+ 4.5 59:3 251) 52.9 + 4.1 

Serum uric acid (mmol/L) 0.17 + 0.03 0.25 + 0.04 0.34 + 0.06 0.41 + 0.05 
of all infants were appropriate for gestational age. The determination of interstitial colloid osmotic pressure 
weight gain in pregnancy was 9 to 15 kg (mean, 12.9). was sampled by means of the wick method as described 
The average blood pressure was 116 + 13/74 + 5mm earlier.” * Four to six nylon wicks were sewn into the 
Hg. None of the subjects had clinical edema at the time subcutaneous tissue on the side of thorax at heart level 
of study. and the same number on the lateral side of the lower 

Mild preeclamptic. Fifteen patients with mild pre- leg. The skin was anesthetized by intradermal injection 
eclampsia (blood pressure 140/90 mm Hg and pro- of approximately 0.1 ml lidocaine (Xylocaine, 20 
teinuria >0.3 gm in 24-hour urine specimen) who were mg/ml without adrenaline) where the needle was in- 
18 to 33 years old (mean, 25.4), pregnant in week 35 serted and pulled out. The wicks (about 6 cm long) 
to 39 (mean, 37.4) were studied. All the patients were were left in place for 1 hour to equilibrate with the 
nulliparas. The average blood pressure was 151 + surrounding tissue fluid and then pulled out. The ends 
8/99 + 7 mm Hg and proteinuria was 1.8 + 1.3 that protruded from the skin were carefully cut off. 
gm/24 hr. Weight gain in pregnancy was 7 to 25 kg The remaining part of the wicks were immediately 
(mean, 14.7). One of the patients was delivered by ce- transferred to tubes containing mineral oil to avoid 
sarean section. Birth weights were 2550 to 4650 gm evaporation. Wick fluid was then isolated by centrifu- 
(mean, 3147). gation, and colloid osmotic pressure was determined in 

Severe preeclamptic. Thirteen patients with severe the colloid osmometer previously mentioned. One wick 
preeclampsia (blood pressure >160/110 mm Hg and was usually enough to obtain a sample of at least 5p] 
proteinuria >3 gm/24 hr) who were 20 to 31 years old that was needed for the measurement of interstitial 
(mean, 26.2), pregnant in week 27 to 39 (mean, 32.8), fluid colloid osmotic pressure. Blood-stained wicks were 
were studied. All were nulliparas. The average blood discarded (15% to 20%). The working mechanism of 
pressure at the time of investigation was 174 + the wicks has been thoroughly investigated, and it has 
10/115 + 6 mm Hg and proteinuria was 6.4 + 3.1 been found that the colloid osmotic pressure of wick 
gm/24 hr. Weight gain was 10 to 24 kg (mean, 18.7). fluid gives a good estimate of colloid osmotic pressure 
Six of the patients were delivered by cesarean section. in undisturbed interstitium.® 
Birth weights were 950 to 3600 gm (mean, 2064). Interstitial fluid hydrostatic pressure. Interstitial _ 

All patients were hospitalized, and the studies were fluid hydrostatic pressure in subcutaneous tissue was 
performed between 9.00 and 11.00 Am, after at least measured by the wick-in-needle technique.“ A steel 
9 hours of bed rest. None of the patients had any his- cannula with an outside diameter of 0.6 mm was filled 
tory of hypertension or kidney disease before preg- with a loose bundle of nylon filaments. The cannula 
nancy. Some laboratory characteristics of the patients was provided with a 3 to 4 mm long side-hole about 
studied are given in Table I. None had received any 5 mm from the tp and connected to a pressure trans- 
type of antihypertensive treatment. All patients were ducer (Statham model P23Db) by a polyethylene tube 
given full information about the experimental proce- (Portex manometer line 60 cm, 200/490/060). The 
dure before they gave their consent to take part in the system was then filled with a sterile saline solution 
study. (9 mg/ml). After calibration, zero pressure was re- 

Plasma colloid osmotic pressure. During the ex- corded in a 1 ml syringe filled with sterile saline solution 
periment plasma was obtained from an antecubital vein and taped to the skin. The needle was then inserted 
by means of a loose and short-lasting venous stasis. into the subcutaneous tissue at the same level as the 
Colloid osmotic pressure was measured on a colloid syringe and in the same areas in which the wicks were 
osmometer made for 5ul samples.® inserted. The hydrostatic pressure was then recorded. 


Interstitial fluid colloid osmotic pressure. Fluid for Calculation of capillary hydrostatic pressure. In a 
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Table II. The colloid osmotic pressure of plasma (COP plasma), interstitial fluid on thorax (COPi thorax), 
and of the ankle (COPi ankle); interstitial hydrostatic pressure on thorax (Pi thorax) and at the ankle 


(Pi ankle) (means + SD) 


First trimester Third trimester Mild Severe 
(n = 10) (n = 10) (n = 15) (n = 13) 
COP plasma (mm Hg) 23.2 + 0.8 —— oa 19.8 + 1.7 15.3 1.7 
COPi thorax (mm Hg) 13.1 = 1.2 8.4 + 0.8 381 8.2 + 1.3 
COPi ankle (mm Hg) 9.6 + 1.8 5.5 + l4 3.9 + 1.4 5.9 + 2.2 
Pi thorax (mm Hg) —1.6 + 0.7 —1.2 + 0.9 -0.8 + 1.1 —0.4 + 1.0 
Pi ankle (mm Hg) — 0.9 + 0.5 —0.1 + 0.4 0.7 + 1.0 0.8 + 1.1 


situation with no net transcapillary filtration (F = O, 
Equation 1) and thereby no lymph flow, mean hydro- 
static pressure in the capillaries is equal to the sum of 
all pressures opposing filtration (i.e., isogravimetric 
capillary pressure).’ For a capillary exchange system, o 
may theoretically vary from 0 to 1. If capillaries are 
freely permeable to proteins, ø equals 0 and if im- 
permeable to proteins ø is 1. In subcutaneous tissue o 
is probably close to 1.0.* Provided a reflection coeffi- 
cient for plasma proteins of 1.0, capillary hydrostatic 
pressure can be determined as follows: 


Pc = COPp — COPi + Pi (Equation 2) 


Since lymph flow cannot be less than zero, the calcu- 
lated capillary hydrostatic pressure will be a minimum 
value. 

Other measurements. Albumin, total protein, uric 
acid, and creatinine concentrations in serum were mea- 
sured by an autoanalyzer. Protein concentration in 
urine was measured in 24-hour specimen with a Biuret 
method. 

Statistics. The results were analyzed by the Student 
t test for unpaired and paired data with 5% as the level 
of significance. 


Results 


The colloid osmotic pressure in plasma and intersti- 
tial fluid and hydrostatic pressure in interstitial fluid 
are presented in Table II. The calculated capillary hy- 
drostatic pressures will be given and are shown in 
Fig. 1. 

Capillary pressure in normal pregnancy. Between 
the first and third trimesters a significant increase in 
calculated capillary hydrostatic pressure occurred both 
on thorax and at the ankle (p < 0.005). On thorax cap- 
illary hydrostatic pressure was 8.3 mm Hg (SD 1.9) in 
the first trimester and 11.5 mm Hg (SD 2.3) in the third 
trimester and 12.7 mm Hg (SD 2.1) and 15.5 mm Hg 
(SD 2.3), respectively, at the ankle. 

Capillary pressure in preeclampsia. In the mild pre- 
eclamptic group, calculated capillary hydrostatic pres- 
sure on thorax was on average 12.2 mm Hg (SD 1.6) 


and 16.6 mm Hg (SD 1.0) at the ankle. Both values are 
slightly increased compared with the findings in the 
normal third-trimester group, but the difference 1s sta- 
tistically not significant. In the severe preeclamptic 
group, capillary hydrostatic pressure on thorax was on 
average 6.7 mm Hg (SD 1.8) and 10.2 mm Hg (SD 2.8) 
at the ankle. Both values are significantly lower (p < 
0.001) than in the mild preeclamptic group. 


Comment 


The capillary hydrostatic pressure has been mea- 
sured directly in few tissues. In humans determination 
have been limited to the capillary loops in the nail bed.’ 
The calculated capillary hydrostatic pressures in our 
studies are consistently lower than pressures measured 
directly. However, in the nail bed arteriovenous anas- 
tomoses are present, and measurements are not nec- 
essarily representative for subcutaneous capillaries. Ac- 
cording to the Starling equation, the calculated capil- 
lary pressure represents a functional average pressure 
for the portion of the microvascular bed taking part in 
fluid exchange. Because of the large surface area and 
permeability of the venous end of the capillaries and 
the venules, the anatomic location of the capillary hy- 
drostatic pressure according to this definition may well 
be in the venules rather than in the capillaries.’ 

In normal pregnancy, the capillary pressure in- 
creased on average by 31% between the first and third 
trimesters. This was observed on both thorax and at 
the ankle. A rise in capillary hydrostatic pressure can 
result either from a lowering of the precapillary to 
postcapillary resistance ratio or an increased venous or 
arterial blood pressure. It is known that venous blood 
pressure is unchanged in pregnancy* '° if the measure- 
ments are not done in the lower extremities and the 
woman is not lying on her back. The arterial blood 
pressure was almost unchanged. This must mean that 
precapillary to postcapillary resistance ratio is lower in 
the third trimester of normal pregnancy, probably be- 
cause of a reduction of precapillary resistance. The 
increased capillary pressure could be the result of a 
diminution in the amount of circulating pressor sub- 
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Fig. 1. Calculated capillary hydrostatic pressure (Pc) on thorax and at the ankle in normal pregnant 
women ir the first trimester (n = 10) and third trimester (n = 10) and in mild preeclamptic (n = 15) 


and severe preeclamptic patients (n = 13). 


stances, an increase in vasodilator substances, changed 
sensitivity of the vascular smooth muscle, or a combi- 
nation of these. 

In the group with mild preeclampsia, the average 
capillary pressure was only slightly increased compared 
with the third-trimester normotensive group. As shown 
by Lim and Walters,"' mild hypertension in pregnancy 
is associated with a hyperkinetic cardiac function, which 
is manifested by a faster heart rate, higher cardiac out- 
put, and higher total peripheral resistance. These find- 
ings indicate that blood pressure regulation is altered 
at both central and peripheral sites. Obviously, these 
hemodynamic changes in patients with mild pre- 
eclampsia are counteracted by a resetting of precapil- 
lary to postcapillary resistance ratio so that capillary 
hydrostatic pressure is almost unchanged (autoregu- 
lation of capillary hydrostatic pressure). 

In the severe preeclamptic group, average blood 
pressure was 174 + 10/115 + 6 mm Hg. Despite this, 
capillary hydrostatic pressure was reduced by 45% on 
thorax and 39% at the ankle compared with that in the 
mild preeclamptic group. The low capillary hydrostatic 
pressure found in severe preeclampsia may be ex- 
plained by increased vascular resistance. Actually, it is 
well known that increased vascular resistance, de- 
creased circulating plasma volume, and impaired per- 
fusion to various organs are important features of se- 
vere preeclampsia. Severe preeclampsia is also char- 
acterized by an exquisite sensitivity of the vasculature 
for pressor substances.” According to Gant and Wor- 


ley, this leads to a general vasospasm that causes overt 
hypertension and then decreased intravascular volume. 
Thus the constriction of the intravascular compartment 
seems to be the primary event that leads to reduced 
plasma volume rather than the reverse.” Otherwise, 
one could speculate that the extreme vasoconstriction 
and low capillary pressure in subcutaneous tissue are 
secondary responses that promote absorption of fluid 
into the vascular compartment in an effort to restore 
the contracted plasma volume in severe preeclampsia. 

As stated previously, the calculated capillary hydro- 
static pressure is a minimum value, since lymph flow 
cannot be less than zero. In a steady state (i.e., constant 
interstitial fluid volume), net capillary filtration (F) 
must equal lymph flow (L), and calculated capillary hy- 
drostatic pressure is underestimated by lymphatic flow 
(L) divided by capillary filtration coefficient (CFC) 
(Equation 1).° This has the dimension of pressure. As- 
suming an unchanged capillary filtration coefficient in 
preeclampsia compared with normal pregnancy as 
found by Spetz," the underestimation is proportional 
to lymph flow. We are unaware of any data that indi- 
cates increased lymph flow in preeclampsia. Our pa- 
tients with severe preeclampsia had larger edema, and 
their weight gain was more pronounced than those pa- 
tients with mild preeclampsia. Since most of the re- 
tained fluid is located in the interstitial compartment 
and interstitial colloid osmotic pressure is higher in 
severe preeclampsia, this implies increased interstitial 
protein mass. This is probably because of increased 
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capillary permeability to plasma proteins, and therefore 
g may be slightly lower in severe preeclampsia than in 
mild preeclampsia and normal pregnancy." Thus in 
severe preeclampsia capillary hydrostatic pressure may 
be even lower than calculated. 

The pericapillary fluid distribution is influenced by 
the transcapillary colloid osmotic gradient (colloid os- 
motic pressure in plasma — interstitial fluid). In pa- 
tients with severe preeclampsia this gradient was sig- 
nificantly lower than in patients with mild preeclampsia 
and in normal pregnant women. A reduced gradient 
favors transport of fluid from the vascular to the in- 
terstitial compartment, and this may explain why many 
patients with severe preeclampsia have large edema 
and reduced plasma volume. 

In conclusion, in severe preeclampsia capillary hy- 
drostatic pressure in subcutaneous tissue is reduced by 
about 40% compared with that in normal pregnancy 
and mild preeclampsia. Whether the low capillary hy- 
drostatic pressure is caused by the severe general vaso- 
spasm seen in this condition or is a secondary event 
remains to be seen. 
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in preeclampsia 
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The determinants of plasma colloid osmotic pressure were studied in 32 patients with preeclampsia and 
their matched control subjects. Although plasma colloid osmotic pressure was significantly related to 
preeclampsia, its severity, and proteinuria, it was most highly correlated with an elevated fibronectin level, 
suggesting that endothelial injury, rather than proteinuria, is the major mechanism of reduced colloid 
osmotic pressure in preeclampsia. (AM J OBsteT GYNECOL 1987;157:106-8.) 
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Reduced plasma colloid osmotic pressure in pre- 
eclampsia has been attributed to increased capillary 
permeability, presumably because of injury to capillary 
endothelium of the glomeruli and/or peripheral vas- 
culature.’'? However, studies directly linking reduced 
plasma colloid osmotic pressure to capillary endothelial 
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Table I. Plasma colloid osmotic pressure and plasma fibronectin (mean + SD) levels in control subjects 
(n = 32), patients with mild preeclampsia (n = 12), and those with severe preeclampsia (n = 20) 


Mild Severe 
preeclampsia preeclampsia Control p 


Colloid osmotic pressure (mm Hg) 18 + 2 


Fibronectin (pg/ml) 


444 + 122 


19 +2 0.01 
217 + 61 0.001 


I7 2 
401 + 102 





damage in preeclampsia are lacking. Recently, it has 
become more practical to evaluate capillary endothelial 
damage by measuring plasma fibronectin levels, which 
rise with endothelial cell injury or repair. * The pur- 
pose of this study was to evaluate the interrelationships 
of plasma colloid osmotic pressure, proteinuria, and 
plasma fibronectin among normal and preeclamptic 
pregnancies. — 


Methods 


After approval from the Human Investigation Com- 
mittee, 64 patients were selected from the outpatient 
clinic and labor rooms of Hutzel Hospital, Wayne State 
University. Each of the 32 pregnancies complicated by 
preeclampsia, 12 mild (blood pressure >140/90 but 
<160/100 mm Hg) and 20 severe (blood pressure 
> 160/100 mm Hg), were matched for age, parity, ges- 
tational age, and labor status with a control patient. 
Plasma colloid osmotic pressure was measured in tri- 
plicate in each patient by a membrane transducer sys- 
tem (Wescor Osmometer 4400, Wescor Inc., Logan, 
Utah); the instrument was calibrated with a solution of 
preassayed colloid osmotic pressure, and the mean of 
three determinations was considered for statistical anal- 
ysis. Plasma fibronectin measurements were performed 
by turbidimetric immunoassay (Multistat III centrif- 
ugal analyzer), and proteinuria was semiquantitated 
by dipstick (0 to 4+). Results were analyzed with the 
multivariate analysis of variance, stepwise multiple 
regression. A two-tailed p < 0.05 was considered sig- 
nificant. 


Results 


The age and gestational age ranges of the 32 patients 
with preeclampsia and their control subjects were 19 
to 31 years and 23 to 42 weeks, respectively. Age, parity, 
gestational age, and labor status in the preeclampsia 
and control groups were comparable as a result of the 
study design. The means + SDs of blood pressures 
were 113 + 10/68 + 9 in the contro] group, 147 + 
8/94 + 4 in the patients with mild preeclampsia, and 
178 + 15/109 + 8 in the patients with severe pre- 
eclampsia. Plasma colloid osmotic pressure and fibro- 
nectin levels were significantly altered in preeclampsia 
(mild and severe) as compared with control pregnan- 
cies, as shown in Table I. The incidence of protein- 
uria was 0/32 in the control group, 6/12 in patients 


Table II. Stepwise multiple regression analysis 
of factors related to plasma colloid osmotic pressure 


Incremental | F to 
R? enter p 


Fibronectin 0.19 


14.5 <0.001 
Proteinuria 0.05 4.1 <0.05 
Mild preeclampsia (yes/no) 0.02 1.0 NS 
Severe preeclampsia (yes/no) 0.01 0.7 NS 
Any preeclampsia (yes/no) 0.00 0.0 NS 





with mild preeclampsia (four 1+ and two 2+), and 
13/20 in patients with severe preeclampsia (one 1+, 
seven 2+, and five 3+). 

To further evaluate the genesis of reduced plasma 
colloid osmotic pressure in preeclampsia, stepwise mul- 
tiple regression on colloid osmotic pressure was per- 
formed (Table II). Plasma colloid osmotic pressure was 
significantly related to plasma fibronectin, proteinuria, 
preeclampsia (yes/no), and severe preeclampsia on a 
univariate basis (p < 0.01 in each case). However, in 
the multivariate setting, plasma fibronectin and pro- 
teinuria were more closely linked with plasma colloid 
osmotic pressure than preeclampsia or its severity. 


Comment 


The key finding of this study is the close association 
of reduced plasma colloid osmotic pressure with in- 
creased plasma fibronectin level in preeclampsia. The 
primary cause of this lowered plasma colloid osmotic 
pressure is generally thought to be significant protein- 
uria.” Our findings suggest that an increased plasma 
fibronectin level, most reasonably interpreted as rep- 
resenting generalized endothelial damage, and pro- 
teinuria are involved in the genesis of reduced plasma 
colloid osmotic pressure in preeclampsia and thus sup- 
port the observations of Oian et al.’ 

On the basis of incremental variance, vascular dam- 
age appears to be an approximately fourfold more im- 
portant determinant of plasma colloid osmotic pressure 
than proteinuria. Even though plasma fibronectin 
levels in mild and severe preeclampsia were not sig- 
nificantly different, increased levels of proteinuria in 
severe preeclampsia might be attributed to higher 
blood pressures in these patients.' However, these find- 
ings should be interpreted with caution since protein- 
uria was determined only semiquantitatively in this 
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Fig. 1. Possible mechanism of lowered plasma colloid osmotic 
pressure in pregnancy-induced hypertension. 


study and preeclampsia and its severity were used as 
discrete variables in the multiple regression. 

On the basis of these findings, the following mech- 
anism of lowered plasma colloid osmotic pressure in 
preeclampsia is suggested (Fig. 1). Generalized vaso- 
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spasm in preeclampsia may be thought of as leading to 
capillary endothelial injury, elevated plasma fibronectin 
levels, and increased capillary permeability. Increased 
capillary permeability along with elevated blood pres- 
sure leads to protein loss, both in the interstitium and 
in urine, which lowers plasma colloid osmotic pressure 
levels. This model might have important clinical im- 
plications. Low plasma colloid osmotic pressure in pre- 
eclampsia has been described as a causative factor in 
the genesis of pulmonary edema. Routine use of intra- 
venous colloid solution in preeclampsia is recom- 
mended by some to expand the intravascular volume.? 
Our finding of endothelial damage in preeclampsia 
suggests that caution should be exercised in giving col- 
loids as they may leak into the interstitium and cause 
or worsen pulmonary edema. 
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Abnormalities in platelet antiglobulin tests in preeclamptic 


mothers and their neonates 
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Michael T. Mennuti, M.D., Steven G. Gabbe, M.D., and Douglas B. Cines, M.D. 


Philadelphia, Pennsylvania 


We prospectively studied 40 women with preeclampsia and 26 wornen with normal pregnancy for the 
presence of platelet-bound and circulating platelet-bindable immunoglobulin and complement. Although 
only 12 patients with preeclampsia had a platelet count <150,000/mm*, 36 of 40 demonstrated an 
abnormal direct antiglobulin test, compared with only three of 26 control subjects (p < 107°). An abnormal 
indirect test was also detected in.30 of 40 patients with preeclampsia compared with jive of 26 healthy 
pregnant control women (p = 9.3 x 107°). Abnormal antiglobulin tests persisted for 2 to 6 weeks after 
delivery. Although each neonate had a platelet count >200,000/mmi at the time of delivery, 10 of 18 had 
an abnormal! direct antiglobulin test compared with one of 14 control subjects (p = 0.0049). The high 
frequency of abnormal platelet antiglobulin tests in women with preeclampsia and their neonates may 
indicate an immune cause of certain aspects of the syndrome or may reflect the extent of platelet 


activation. (AM J OpsTET GYNECOL 1987;157:109-13.) 


Key words: Preeclampsia, platelet antiglobulin test, thrombocytopenia 


Preeclampsia is a common obstetric disorder, affect- 
ing approximately 7% of primigravid women. More 
than 10% of patients with preeclampsia develop throm- 
bocytopenia, which may precede other manifestations 
of the disorder! and may persist for many days aftér 
delivery? Bleeding caused by severe thrombocytopenia 
can be the most serious complication in some of these 
patients. In addition, thrombocytopenia has been ob- 
served in up to 25% of neonates born to mothers with 
preeclampsia.’ Platelet activation and consumption may 
also play a direct role in the development of intravas- 
cular thromboses that occur in women with severe pre- 
eclampsia.*° 

The mechanism by which thrombocytopenia devel- 
ops in both mothers with preeclampsia and their neo- 
nates is unknown. Thrombocytopenia may result from 
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disseminated intravascular coagulation in women who 
develop eclampsia, but the evidence that thrombin- 
induced intravascular coagulation causes thrombocy- 
topenia in preeclampsia is far less definitive." ° Various 
studies have suggested an. immune cause of certain as- 
pects of the preeclampsia syndrome.” °” We therefore 
performed antiglobulin tests on platelets from women 
with preeclampsia to gain further insight into the mech- 
anism of platelet activation and consumption in this 
disorder. 


Methods 


Patient populations. We studied 40 patients with pre- 
eclampsia who presented to the Hospital of the Uni- 
versity of Pennsylvania between November 1984 and 
May 1986. The following criteria were used to establish 
the diagnosis of preeclampsia: (1) A normal blood pres- 
sure had been recorded for each patient who had 
sought prenatal care during the first and second trimes- 
ters; (2) at term, each patient had a diastolic blood 
pressure >90 mm Hg recorded in the left lateral de- 
cubitus position on at least two occasions by measure- 
ments made at least 6 hours apart; (3) no patient had 
a history of renal disease; (4) each patient had protein- 
uria on a catheterized specimen (Albustix); (5) each 
patient had a serum uric acid concentration >6.0 
mg/dl; (6) each patient had a negative test for anti- 
nuclear antibodies. 

We also studied a control population consisting of 26 
pregnant patients matched for age, race, and parity 
(Table I). The average gestational age was lower in the 
patients with preeclampsia (Table I). Eight of the pa- 
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Fig. 1. Maternal platelet antiglobulin tests. Platelet antiglob- 
ulin tests were performed on platelets and plasma from 
women with preeclampsia with normal (@) and decreased (©) 
platelet counts and healthy pregnant (x) women. In Figs. 1 
and 2, the dotted line represents cell-associated radioactivity 


(mean + 2 SD) in platelets derived from the normal, non- . 


pregnant population. 


-tients with preeclampsia had not sought prenatal care, 
whereas all control patients had been under the care 
of a physician prior to delivery. None of the control 
patients had thrombocytopenia, whereas 12 (30%) of 
the patients with preeclampsia had a platelet count 
<150,000/mm? noted on at least one determination. 
Six of these patients (15% of the total) had platelet 
counts <100,000/mm*. No patient had received mag- 
nesium sulfate prior to the time of study. All patients 
had intact membranes, and none had received corti- 
costeroids to enhance fetal lung maturity. 

Platelet antiglobulin tests. Platelet antiglobulin tests 
were performed by means of a radioimmunoassay 
within 4 hours after the blood was obtained.” Briefly, 
blood was collected in ethylenediaminetetraacetic acid 
and the platelets were isolated as described.” Platelets, 
1 x 10°, were washed in an ethylenediaminetetraacetic 
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Table I. Characteristics of patients studied 


(N = 40) (N = 26) 

Mean age (yr) 21.3 22.1 
Age range (yr) 16-25 18-28 
Mean gestation (wk) 35.7 37.5 
Gestational range (wk) 27-40 34-4] 
Primigravid women 36 _ 24 
Black/white ratio 29/11 20/6 
Thrombocytopenia 

100-150,000/mm* 6 0 

<100,000/mm’ 6 0 
No prenatal care 8 0 


acid—containing modified Tyrode’s buffer solution and 
were incubated with an aliquot of iodine 125—labeled 
antihuman immunoglobulin G (IgG), immunoglobu- 
lin M (IgM), or the third component of complement 
(C3) for 45 minutes at 37° C. The platelets were washed 
four additional times in Tyrode’s buffer to remove 
unbound antibody, and the cell-associated radioactiv- 
ity was determined. The extent of binding of each 
antiglobulin reagent to platelets is expressed as a 
percentage of the total radioactivity to which the 
platelets were exposed according to the formula: Per- 
cent binding = platelet-associated counts per min- 
ute — test tube—associated counts per minute/total 
cpm — test tube—associated counts per minute x 100. 
The mean + 2 SD from the mean of the percent bind- 
ing of each reagent to platelets from more than 200 
normal donors was determined. Values >2 SD from 
the mean (IgG = 0.08% + 0.08%; IgM = 0.16% + 
0.07%; C3 = 0.08 + 0.08%) were considered ab- 
normal. | 

In the indirect test, 10° platelets from normal donors 
were incubated with plasma from patients or control 
subjects for 45 minutes at 37° C. These platelets were 
washed in Tyrode’s buffer and then incubated with 
I-labeled anti-IgG. The cells were then washed four 
times and platelet-associated. radioactivity was deter- 
mined as in the direct test. Values for plasma-bindable 
IgG that were more than 2 SD above the mean for 
normal plasma donors (0.60% + 0.34%) were consid- 
ered abnormal. Results for all tests were analyzed by 
the Fisher exact test for statistical significance. 

We also compared the binding to platelets of 
each labeled antiglobulin reagent with the binding of 
iöI-labeled normal rabbit IgG not having antibody ac- 
tivity. Platelets from each patierit with preeclampsia 
bound an amount of normal rabbit IgG that was within 
the range for the binding of rabbit IgG to platelets from 
normal individuals (0.04% + 0.04%; mean + 2 SD). 


Results 

We performed antiglobulin tests on platelets from 
women with preeclampsia and from healthy pregnant 
women. These results were compared with those of 
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antiglobulin tests performed on platelets from a nor- 
mal, nonpregnant control population. Thirty-six of 40 
patients with preeclampsia had one or more abnormal 
direct antiglobulin tests, compared with four of 26 
healthy pregnant women (p < 1078) (Fig. 1). The most 
frequently observed abnormality was an increase in the 
level of platelet-associated IgG, which was found in 32 
of 40 mothers with preeclampsia compared with only 
three of 26 control subjects (p. = 3.2 x 107*) (Fig. 1). 
An abnormal indirect antiglobulin test was seen in 30 
of 40 patients with preeclampsia compared with five of 
26 healthy pregnant women (p = 9.3 x 107°) (Fig. 1). 
Serial studies were performed in two primigravid 
women. Both had normal antiglobulin tests before and 
during the second trimester of pregnancy. They de- 
veloped abnormal platelet antiglobulin test results at 
35 and 36 weeks, respectively, coincident with the de- 
velopment of edema and weight gain. They later de- 
veloped true preeclampsia. There was no correlation 
between the titer of any of the antiglobulin tests and 
either the platelet count or any other clinical parame- 
ters in the patients with preeclampsia. 

We then studied platelets and plasma in umbilical 
cord blood samples obtained from neonates born to 
mothers with and without preeclampsia. Ten of 18 neo- 
nates born to mothers with preeclampsia had an ab- 
normal direct antiglobulin test result, compared with 
one of 14 control women (p = 0.0049) (Fig. 2). An 
increased amount of platelet-associated IgG was the 
abnormality most frequently detected in cord blood of 
neonates born to mothers with preeclampsia (nine of 
18) compared with cord blood of neonates born to 
healthy mothers (0 of 14) (p = 0.0017) (Fig. 2). 

Increased amounts of IgM and C3, respectively, were 
found in the platelets of nine of 15 and five of 15 
neonates born to preeclamptic mothers (Fig. 2). Ab- 
normal indirect tests were seen in 11 of 18 neonates 
born to preeclamptic mothers compared with four of 
14 in the control group (p = 0.07). In many cases, the 
mother and neonate differed in the serologic ab- 


normalities detected. Moreover, neither the level of - 


platelet-associated IgG, IgM, or C3 in maternal plate- 
lets nor the level of circulating platelet-bindable IgG in 


maternal plasma correlated with the results of the plate- 


let antiglobulin tests in the neonate. No child in this 
series had a cord blood platelet count <200,000/mm‘*. 
There was no correlation between the magnitude of 
any of the results-of the antiglobulin tests and the plate- 
let counts of the neonates. 

We performed serial antiglobulin tests on platelets 
from six women post partum (Fig. 3). Both the direct 
and indirect antiglobulin tests returned to normal in 
each case by 6 weeks after delivery. The exact time point 
at which tests reverted to normal was not determined. 
One patient experienced a severe exacerbation of 
symptoms in the postpartum period, and a concurrent 
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Fig. 2. Platelet antiglobulin tests on cord blood. Platelet an- 
tiglobulin tests were performed with platelets or plasma ob- 
tained from neonates born to healthy women (x) or to women 
with preeclampsia who had normal (@) or decreased (©) platelet 
counts. 


rise in the level of both platelet-bound IgG and cir- 
culating platelet-bindable IgG was detected. 


Comment 


Thrombocytopenia develops in approximately 10% 
of women with preeclampsia and in a higher percent- 
age of women with progression to eclampsia. Occa- 
sionally, patients may present with thrombocytopenia 
as the most serious clinical finding.' The platelet count 
may fall to levels <20,000/mm’, and thrombocytopenia 
may persist after the other manifestations of the syn- 
drome have subsided. Thrombocytopenia also develops 
in some neonates born to mothers with preeclampsia.° 

The responsible mechanism by which thrombocyto- 
penia develops in preeclampsia is uncertain. In pre- 


=- eclampsia, a progressive fall in platelet number has 


been reported to develop as early as 28 weeks of ges- 
tation. Platelet survival appears to be reduced even in 
the absence of overt thrombocytopenia. Increased 
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Fig. 3. Serial platelet antiglobulin tests in preeclampsia. The 
zero time point represents the immediate postdelivery period. 


levels of 8-thromboglobulin and platelet factor 4, a re- 
duced platelet content of 5-hydroxytryptamine, and 
impaired production of thromboxane B, have all been 
reported. These observations suggest that platelets may 
be activated in vivo in these patients. 

Several mechanisms have been proposed to explain 
both the reduction of platelet number and the evidence 
for platelet activation. These include the generation of 
thrombin, the presence of circulating immune com- 
plexes, and the effect of vascular disruption. Although 
patients with eclampsia may have evidence of dissem- 
inated intravascular coagulation, the role of thrombin 
generation in preeclampsia is less certain. Both a mild 
increase in the serum levels of fibrin degradation 
products’ and a fall in the plasma level of antithrom- 
bin III have been noted by a number of investigators. 
However, sequential studies of markers of fibrin de- 
gradation, platelet activation, and platelet consumption 
have been interpreted as indicating that the extent of 
thrombin generation cannot account for the develop- 
ment of thrombocytopenia in most patients.’ The use 
of heparin in women with preeclampsia does not cause 
the platelet count to rise, but low doses of aspirin alone 
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or aspirin in combination with dipyridamole have been 


reported to prevent and/or reverse the development of 


thrombocytopenia in some patients." 

Immune platelet injury could play a role in the de- 
velopment of thrombocytopenia in some patients with 
preeclampsia. In agreement with others,'*"* we found 
increased levels of platelet-associated IgG and/or IgM 
and/or C3 in most patients with preeclampsia as com- 
pared with a much lower proportion of platelets from 
healthy pregnant control subjects. Our study was sim- 
ilar to a recent one in that we found increased levels 
of platelet-associated immunoglobulin and comple- 
ment in platelets ob:ained from preeclamptic cord 
blood samples.” Plasma from patients with preeclamp- 
sia contained increased amounts of platelet-bindable 
IgG compared with plasma from healthy pregnant 
women of similar parity and length of gestation. Ab- 
normal platelet antiglobulin tests return to normal by 
6 weeks after delivery. 

The mechanism by which increased platelet- 
associated immunoglcbulin and complement develop 
is unclear. At present, we do not know whether the 
platelet-bound immunoglobulin results from the de- 
position of autoreactive antibody or immune com- 
plexes. Increased levels of immune complexes have 
been noted in the plasma and tissues of some patients 
with preeclampsia when compared with those of 
healthy pregnant control women.’*’*'> However, there 
has been no identification of the antigens involved, nor 
has the relevance of these complexes to thrombotic vas- 
cular disease been established. A preliminary study in- 
dicates that antigens released from placental tissue 
could be involved in the generation of these complexes. 
Alternatively, activaticn of platelets at sites of micro- 
vascular injury could lead to: (1) externalization of IgG 
and other proteins found within the a-granules of the 
platelet,’° (2) increased expression of platelet Fc recep- 
tors, (3) exposure of cryptic antigens to which low levels 
of naturally occurring autoreactive antibodies may ex- 
ist, or (4) exposure of determinants that permit ad- 
sorption of normal proteins from the plasma. 

Neonates born to mothers with preeclampsia may 
develop thrombocytopenia, neutropenia, edema, pro- 
teinuria, and abnormal liver function tests.> These find- 
ings indicate either that a causal factor, present in the 
plasma of women with preeclampsia, is capable of cross- 
ing the normal placenta or that the preeclamptic pro- 
cess damages the placenta, causing a breakdown in the 
normal process of selective protein transfer. There 
were increased levels of IgG in the platelets of neonates 
born to preeclamptic mothers, and these platelets also 
bound increased amounts of anti-lgM. Damage to pla- 
cental vessels by the preeclamptic process could con- 
ceivably allow transplacental passage of maternal IgM. 
Alternatively, transplacental passage of maternal IgG 
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may initiate IgM production by the fetus. Another pos- 
sibility is that a plasma factor, perhaps produced by the 
placental syncytiotrophoblast, may be released into the 
fetal and maternal circulations, initiating an immune 
response. 

Our findings in the healthy pregnant population dif- 
fer from those of a recent report in which a high fre- 
quency of abnormal antiglobulin tests was found in this 
group of patients.” Only a small number of the healthy 
women whom we studied had abnormal antiglobulin 
tests at term or in the peripartum period, and the mag- 
nitude of these changes was small compared with that 
of most patients with preeclampsia or immune throm- 
bocytopenic purpura.’ The reasons for the differences 
in the findings of these two studies are not evident. The 
results of our investigation, however, do indicate that 
platelet antiglobulin tests cannot be used to distinguish 
preeclampsia from immune thrombocytopenic pur- 
pura in those patients who present with thrombocy- 
topenia alone. 

The results of the present study show that the platelet 
surface is altered in women with preeclampsia and their 
neonates, even in the absence of bleeding. The molec- 
ular composition and immunologic specificity of these 
platelet-bound proteins are unknown, and their relative 
importance to the development of either thrombocy- 
topenia or thrombosis requires further investigation. 
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Genetic implications of idiopathic hydramnios 


Helain J. Landy, M.D., Nelson B. Isada, M.D., and John W. Larsen, Jr., M.D. 


Washington, D. C. 


The antenatal diagnosis of hydramnios requires a careful search for associated underlying maternal or 
fetal conditions. Even in pregnancies associated with idiopathic hydramnios in which no underlying 
condition can be identified, a high perinatal mortality rate exists. Although trisomy 18 has been seen in 
pregnancies with hydramnios and growth retardation, the association with specific chromosomal disorders 
and idiopathic hydramnios has not been well defined. A review of pregnancies complicated by hydramnios 
was undertaken; 99 cases with complete pregnancy and delivery information were identified. Fifty-nine 
pregnancies were complicated by idiopathic hydramnios, and except for the hydramnios, sonographic 
evaluation was normal. Delivery information revealed one infant with trisomy 18 and eight infants with 
structural anomalies not appreciated antenatally. Of the undiagnosed malformations, 25% are frequently 
associated with trisomy 21. We recommend fetal chromosomal! analysis as an adjunct to the evaluation of 
pregnancies complicated by idiopathic hydramnios. (Am J OpsTeT GYNECOL 1987;157:114-7.) 


Key words: Hydramnios, trisomy 18, fetal anomalies 


Hydramnios is a relatively common obstetric problem 
and has been associated with many maternal and fetal 
complications. The diagnosis of hydramnios requires 
careful evaluation of the pregnancy for possible ma- 
ternal diabetes mellitus, multiple gestation, fetal hy- 
drops, or fetal congenital anomalies. Some fetal mal- 
formations that can be seen sonographically have 
been shown to be associated with chromosomal aber- 
rations.'* The association of specific chromosomal dis- 
orders and idiopathic hydramnios, however, has not 
been well defined, although the association of trisomy 
18 and hydramnios has been described*’; growth re- 
tardation may also be present.’ The benefit of pursuing 
the fetal karyotype in a normal pregnancy except for 
hydramnios has been questioned. 

The present study was undertaken in an attempt to 
establish the role of evaluating the fetal karyotype in 
pregnancies complicated by idiqpathic hydramnios. 


Material and methods 


A review of cases of hydramnios complicating preg- 
nancies between 1979 and 1986 at The George Wash- 
ington University Medical Center, Washington, D. C., 
was undertaken. A total of 158 cases were identified 
retrospectively by review of medical records of patients 
referred to or receiving primary care at our institution. 

Because only cases with complete pregnancy and de- 
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livery information, including maternal glucose screen- 
ing, have been included, many patients referred to the 
Departments of Obstetrics and Gynecology, Medical 
Genetics, or Radiology for consultation during their 
pregnancies were omitted from this review. Cases of 
hydramnios diagnosed solely on a clinical basis without 
sonographic confirmation were excluded. In each case, 
the diagnosis of hydramnios was made sonographically 
in the second or third trimesters by subjective obser- 
vation of an experienced sonologist, and the fetal trunk 
was found to be freelv floating in amniotic fluid. 


Results 


There were 99 cases of pregnancy complicated by 
hydramnios for which complete pregnancy and deliv- 
ery information was available. The 13 cases diagnosed 
on a clinical basis alone were excluded. 

Nineteen cases were found to be associated with ma- 
ternal diabetes mellitus (19.2%), nine with multiple ges- 
tations (9.1%), and 12 with associated fetal anomalies 
identified sonographically (12.1%), including seven 
cases of fetal hydrops, one of which was also associated 
with maternal diabetes mellitus (Table I). Two infants 
were found to have trisomy 21, and both were found 
to have duodenal atresia: in one infant, the anomaly 
was diagnosed antenatally, and in the other, the af- 
fected infant was one of a set of twins and the anomaly 
was not appreciated antenatally. Advanced maternal 
age was not a risk factor in either pregnancy. 

In the remaining 59 cases (59.6%), no underlying 
fetal or raaternal condition could be identified ante- 
natally, and except for the hydramnios, the results of 
sonographic examination were normal. Delivery infor- 
mation in these patients revealed that one infant had 
trisomy 18 and seven others had structural anomalies 
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Table I. Fetal anomalies associated with non-idiopathic hydramnios 


Associated condition 


Maternal DM known antenatally 
TEF 
Hypomelanosis of Ito 
Bilateral recurvation of knees 
Common AV canal (stillborn, 30 wk) 
True knot in umbilical cord 
Sonographic abnormalities 
Hydrops 
Nonimmune (unable to resuscitate) 
Fetal ascites, edema (no anomalies) 
Omphalocele, herniated liver (associated 
maternal DM) 
Duodenal atresia 
Fetal anomalies detected antenatally 
Heart block 
Duodenal atresia 
Cystic hygroma, hydrocephalus, ascites, caly- 
ceal dilatation 
Diaphragmatic hernia 
Multiple gestations 
Twins 
l twin with gastrointestinal atresia detected 
antenatally 
l twin with duodenal atresia detected 
antenatally 
Twin-to-twin transfusion 
Triplets 
l fetus with acardiac anomaly 


Karyotype 


Total 19 
l 
l 
l 46,XY 
] 46,XX 
l 
Total 12 

7 
9 46, XX; 46,XY 
3 
—1 46,XY 
l 47,XY + 21 
5 
] 
2 46,XX; 46,XX 
] 46,XY 
l 

9 sets 

8 sets 
l 46,XX 
l 47,XX + 21 
2 

l set 

46,XX 


TEF = Tracheoesophageal fistula; DM = diabetes mellitus; AV = atrioventricular. 


of the cardiovascular, respiratory, and/or gastrointes- 
tinal systems, and one additional infant had a short- 
limbed skeletal dysplasia (Table II). In two of these 
cases, only level I sonograms were used, including those 
pregnancies that resulted in one infant with duodenal 
atresia and the infant with trisomy 18, in which the 
maternal age was 24. Therefore structural anomalies 
were present and not detected antenatally in eight of 
59 fetuses (13.6%). 

Only 16 of the 99 patients with pregnancies compli- 
cated by hydramnios underwent genetic amniocentesis 
as part of the prenatal evaluation: Five were performed 
because of advanced maternal age, four because of 
sonographically detected fetal anomalies, including one 
twin pregnancy, and six to evaluate more thoroughly 
the hydramnios, including one triplet pregnancy. One 
patient underwent chorionic villus sampling because of 
advanced maternal age. All karyotypes were normal. 


Comment 


Hydramnios is estimated to occur in 0.26% to 0.7% 
of pregnancies,” °? and its diagnosis had largely been 
made clinically until the development of ultrasonog- 
raphy. The ability to accurately quantitate the amount 
of amniotic fluid sonographically has been problematic; 
however, it has been stated that simple observation by 
an experienced sonographer can determine the relative 
amount of fluid in assessing hydramnios."° 


The finding of hydramnios in any pregnancy re- 
quires a careful search for any associated underlying 
condition: maternal diabetes mellitus, multiple gesta- 
tions, fetal anomalies involving the central nervous sys- 
tem, gastrointestinal tract, respiratory or cardiovascular 
systems, fetal hydrops, or placental anomalies. As many 
as 20% of cases of hydramnios have been found to be 
associated with fetal anomalies® '' Some fetal malfor- 
mations may be seen in conjunction with specific genetic 
disorders.’ A high associated perinatal mortality rate 
exists. In as many as 34% of pregnancies complicated 
by hydramnios, no apparent underlying maternal or 
fetal disorder can be identified antenatally*; however, 
the perinatal mortality rate is still increased. The pres- 
ent study retrospectively examined 59 pregnancies 
complicated by idiopathic hydramnios in an attempt to 
assess the role of pursuing the fetal karyotype in further 
evaluation of these pregnancies. 

Pathophysiologically, excess amniotic fluid may result 
from conditions that compromise the ability of the fetus 
to swallow, including anomalies of the central nervous 
system such as anencephaly or meningomyelocele, ob- 
struction of the fetal gastrointestinal tract in cases of 
duodenal atresia or abdominal wall defects, and intra- 
thoracic anomalies that may exert excess pressure on 
the upper gastrointestinal tract, such as diaphragmatic 
hernias or intrathoracic cysts.’ '? It may also be seen 
in cases of fetal hydrops and associated cardiac failure, 


116 Landy, lisada, and Larsen 


July 1987 
Am J} Obstet Gynecol 


Table II. Neonatal outcomes in pregnancies with idiopathic hydramnios and antenatal 


sonographic evaluation 
Neonatal outcome 


47,XX + 18 

TEF 

TEF 

TEF 

TEF and esophageal atresia 
Duodenal atresia 

Cardiac defect (? tetralogy) 
Short-limbed skeletal dysplasia 


TEF = Tracheoesophageal fistula. 


as well as in multiple gestations. Hydramnios as part of 
the complications seen in pregnancies of diabetic 
women is not fully understood, although it is well 
known that the frequericy of congenital malformations 
is increased in the presence of maternal diabetes mel- 
litus. Transient hydramnios has also been described." 
Several authors have described pregnancies compli- 
cated by hydramnios that were found to involvé fetuses 
with trisomy 18,” and intrauterine growth retardation 
has also been seen.” | 

In our study of 59 patients, the antenatal finding 
of sonographically detectablé hydramnios, which was 
thought to represent idiopathic hydramnios, was in fact 
associated with one trisomic infant-and eight structural 
anomalies undetected before delivery (Table II). These 
data imply a false-negative rate of 13.6% in antenatal 
detection of these anomalies. It must be remembered, 
however, that only level I ultrasonography was used in 
two of these patients and that only a Single ultrasound. 


examination was performed in four of these preg-. 


nancies. 

An inability to recognize a fetal anomaly sonograph- 
ically may be from several factors: (1) inherent diffi- 
culties in performing obstetric sonography, including 
the ability to visualize structures based on intrinsic dif- 
ferences in contrast, maternal body habitus, and fetal 
movement or position’* “; (2) at the time of sono- 
graphic examination, the particular anomaly may not 
be at a point in development in which it may be 
recognized”*; (3) 4 single malformation may be associ- 
ated with other anomalies that are not detectable at the 
time of sonographic evaluation"; (4) the anomaly may 
be difficult to evaluate because of the intrinsic nature 
of the organ involved, such as the collapsible nature 
of the esophagus” or because the malformation is small 
or subtle; (5) failure to perform a thorough level II 
sonogram or to repeat the sonographic evaluation se- 
rially; and (6) relative experience, competency, or iùn- 
terest of the sonographer or sonologist.”'*'* These fac- 
tors can be applied to each infant in whom malfor- 
mations are not appreciated antenatally. Compounding 
this important area of prenatal diagnosis is the fact that 
abnormal! fetuses may indeed have completely riormal 


Sonographic evaluation 


19—level I scan only 


35—level I scan only 
16; 20%; 26 
9; 11; 25% 


sonographic examinations, as has been demonstrated 
with trisomic fetuses.’ 

Two of the undiagnosed malformations in our series 
(25%) involved esophageal or duodenal atresia, anom- 
alies that may be difficult to diagnose sonographically 
because the fetal stomach may or may not be visible, 
which depends on the presence of a communication 
between the trachea and esophagus proximal to the 
obstruction.'" * The :mportance of this finding is the 
frequent occurrence of this anomaly in infants with 
trisomy 21. 

Based on these data, we recommend the use of fetal 
chromosomal analysis as an adjunct to the evaluation 
of pregnancies complicated by hydramnios in which 
other conditions cannot be elucidated. Once the karyo- 
type is known, the counseling and management plan 
can be refined. Fetal cells for chromosome analysis may 
be obtained by amniocentesis or percutaneous umbilical 
blood sampling.’® Amniocentesis is the standard tech- 
nique with an established record of safety and accuracy. 
In cases of hydramnios, amniocentesis is particularly 
easy to perform. Percutaneous umbilical blood sam- 
pling is a new and more invasive method, which re- 
quires highly skilled persons and advanced technology 
and may have higher morbidity than amniocentesis. 
The relative difficulty of performing percutaneous urh- 
bilical blood sampling versus amniocentesis in hydram- 
nios is unknown. The advantage of percutaneous um- 
bilical blood sampling appears to be the rapidity with 
which results can be obtained from cord blood com- 
pared with cultured amniocytes: several days versus 
2 to 3 weeks. 

If the karyotype is abnormal and associated with a 
hopeless, fatal prognosis for the fetus (e.g., trisomy 18), 
counseling should include preparation of the family for 
the child’s death, whether as a fetus or neonate. Rec- 
ognition of the dismal prognosis may lead to induction 
of labor and avoidance of cesarean section despite om- 
inous fetal heart rate patterns, which is often seen with 
trisomy 18. Nursing staff members can be maximally 
supportive in knowing the prognosis in advance. 

If the karyotype is normal, such reassuring infor- 
mation can lead to aggressive antepartum monitoring 
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and intrapartum planning to optimize fetal salvage. 
These plans might include delivery at a tertiary care 
center and coordination with pediatric subspecialties 
for possible surgical intervention of the newborn 
infant. 

We recognize that a genetic diagnosis is not always 
definitive. Other genetic disorders not associated with 
an obviously dismal prognosis may become apparent, 
such as mosaics, translocations, or sex chromosome ab- 
normalities. We believe that responsible explanations 
and representations of expected neonatal prognoses 
can only be proposed when as much information as 
possible about a pregnancy is known. In caring for 
patients with pregnancies complicated by idiopathic hy- 
dramnios, important information can be obtained 
through knowledge of the fetal karyotype. 


We gratefully acknowledge the assistance of Dr. Ken- 
neth Rosenbaum, Children’s Hospital—National Med- 
ical Center, Washington, D. C. 
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Circulating neurohypophyseal hormones in 


anencephalic infants 
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Human anencephalic infants have always been considered not to have circulating levels of oxytocin or 
vasopressin. However, this article shows that amniotic oxytocin levels in anencephalic infants without 
hydramnios fall within the control range. In addition, low levels of both oxytocin and vasopressin are 
present in the umbilical circulation. These peptides are probably derived from fetal sources other than the 
fetal brain, for example, the fetal adrenal cortex. (AM J OBsTET GYNECOL 1987;157:117-9.) 
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The fetal brain is hypothesized to influence labor, 
fetal homeostasis, adaptation of the fetus to stress, and 
preparation for extrauterine functions by the neuro- 
peptides oxytocin and vasopressin which circulate in 
blood and amniotic fluid of normal human fetuses. 
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Table I. Amniotic oxytocin levels in normal human pregnancies and in some anencephalic infants with 
and without hydramnios 







Gestation length 
(range, wk) 


Amniotic oxytocin (pg/ml) 
— 









Samples below 
detection level 


(%) 





Significance 


Anencephalic, with 7 31-40 <7 + 4* <0.25-33 71 
hydramnios p = 0.03 
Anencephalic, without 10 22-44 22 +8 <3-71 30 p = 0.006 
hydramnios } S 
Controlt 38 36-42 1⁄2 2123 <2-88 3 


n = Number of cases determined; < = below detection level. 


*For calculations the detection levels were used if the values were below this level. Differences were calculated with the Mann- 


Whitney U test (two-tailed, corrected for ties). 
tControl subjects comprise a group of patients in normal labor. 


Table II. Oxytocin and vasopressin levels* in human umbilical cord blood in normal human pregnancies 
after spontaneous labor and in some anencephalic infants 






Oxytocin 





Umbilical artery Umbilical vein Umbilical artery 


Arginine vasopressin 





Umbilical vein 


Spontaneous labort 40 (65 + 18) 17 (20 + 3) 392 (420 + 78) 135 (147 + 33) 
Anencephalic infant 1 14.7 <10.9 <15.5 <14.1 
Anencephalic infant 2 <27.3 30.1 3.9 7.4 
Anencephalic infant 3 <15.0 <13.6 3.1 4,2 


< = Below detection level of the assay. 


*Values are presented in median (mean + SEM) levels in picograms per milliliter. 


+Samples were obtained from 13 patients after normal labor. 


During labor increased levels of oxytocin (umbilical cir- 
culation and amniotic fluid) and arginine vasopressin 
(umbilical circulation) have been reported. Anence- 
phalic infants have no neurohypophysis that contains 
these peptides' and have often been studied to obtain 
clinical support for experimental data concerning the 
effect of a lack of fetal oxytocin and arginine vaso- 
pressin. However, recent observations raised serious 
doubts as to the absence of fetal neuropeptides in anen- 
cephalic infants. We have reported on the presence of 
normal concentrations of oxytocin in freshly obtained 
amniotic fluid of eight anencephalic infants without any 
detectable arginine vasopressin.’ In this article we offer 
an extension of our earlier data. In addition, for the 
first time we make mention of detectable amounts of 
oxytocin and arginine vasopressin in the umbilical ar- 
tery and vein of three live-born anencephalic infants, 
as opposed to the few anencephalic infants reported 
on in the literature. 

The material comprises a total of 17 anencephalic 
infants, from whom we were able to collect amniotic 
fluid that had not been contaminated with blood or 
meconium. The material was subdivided into two 
groups on the basis of the presence or absence of 
clinically diagnosed hydramnuios. The results are sum- 
marized in Table I. In the absence of hydramnios, am- 


niotic oxytocin concentrations were similar to those 
found in uncomplicated pregnancies. In anencephalic 
infants with hydramnios, oxytocin often fell below the 
detection level. On no occasion was arginine vaso- 
pressin found in amniotic fluid of anencephalic in- 
fants. However, this was also the case in 75% of our 
samples obtained in normal pregnancies (data not 
shown). 

In three live-born anencephalic infants after intra- 
venous administration of sulprostone to induce labor 
at 33 to 35 weeks of gestation, detectable amounts of 
oxytocin and arginine vasopressin were demonstrated 
in the separate umbilical vessels. ‘These levels were usu- 
ally lower than those in the circulation of children born 
after normal vaginal deliveries (Table II). Oxytocin 
could also be demonstrated in a fourth anencephalic 
infant, from whom we could only obtain umbilical vein 
blood (11.5 pg/ml). Earlier we had reported the pres- 
ence of oxytocin in mixed cord blood of three anen- 
cephalic infants.’ 

The present data show that neurohypophyseal pep- 
tides circulate in human anencephalic infants. Inevit- 
ably they must originate from alternative fetal sources 
outside the fetal brain, since a passage of oxytocin and 
arginine vasopressin from the mother to the fetus is 
unlikely.* Because oxytocin was localized in the fetal 
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zone of the adrenal cortex and arginine vasopressin in 
the definitive zone of the adrenal cortex in both normal 
control subjects and anencephalic neonates,’ this organ 
is a putative source for these circulating fetal neuro- 
peptides. For studies concerning, for example, passage 
of arginine vasopressin or oxytocin and their possible 
role in labor and fetal homeostasis, the anencephalic 
infant can no longer be considered to be a child with 
no circulating arginine vasopressin or oxytocin, 


Oxytocin and vasopressin in anencephaly 
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Fetal pulmonary hypoplasia with hydrothorax 


Keisaburo Murayama, M.D., Tuneo Jimbo, M.D., Yuriko Matsumoto, M.D., 
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Described is a case of fetal congenital malformation with hydrothorax, for which left pulmonary hypoplasia 
was initially presumed by ultrasonography and for which hypoplasia was diagnosed postnatally only in the 
left lower pulmonary lobe by a pulmonary technetium Tc-99m scintigram. The pathogenesis of this disease 


is discussed. (Am J Osstet GynecoL 1987;157:119-20.) 


Key words: Fetal pulmonary hypoplasia, fetal hydrothorax, ultrasound, pathogenesis 


Fetal pulmonary hypoplasia, especially lobar hypo- 
plasia, with hydrothorax is an extremely rare intra- 
uterine complication.’ We report here an interesting 
case that we experienced recently. 


Case report 

A 29-year-old woman, gravida 2, para 0, without any 
recorded medical history presented with a complaint 
of abdominal fullness at 28 weeks’ gestation. Hydram- 
nios and threatened premature delivery were diag- 
nosed, and she was admitted to the hospital. 

Ultrasound examination at the twenty-eighth week 
demonstrated moderate hydramnios, with the lungs 
and the heart of the fetus compressed by a large 
amount of fetal intrathoracic fluid (Fig. 1). The fluid 
was retained only in the left side of the thorax. Al- 
though the fetal heart was shifted to the right side, 
cardiac activity was normal and the four chambers were 
clearly recognized. The biparietal diameter was 7.6 cm, 
large but normal for the fetal age. The other organs 
were normal. 


From the Departments of Obstetrics and Gynecology and the Neonatal 
Intensive Care Unit, Tokyo Seamen's Hospital and Tokyo Women’s 
Medical College. 

Received for publication June 5, 1985; revised January 6, 1986; 
accepted December 29, 1986. 

Reprint requests: Ketsaburo Murayama, M.D., 130, Rokusaki, 
Sakura-shi, Chiba 285, Japan. 





Fig. 1. Oblique scan through fetal thorax showing the left 
lung (LL), the right lung (RL), and the heart (H) compressed 
by a large amount of intrathoracic fluid (F). 


Amniocentesis and fetal thoracentesis were per- 
formed under ultrasound guidance at the thirtieth 
week. Fetal monitoring (nonstress test and cardiotoco- 
gram) before and after the puncture showed no abnor- 
mal patterns. The amounts of aspirated amniotic and 
fetal intrathoracic fluid were 200 and 25 ml, respec- 
tively; the former was clear and watery and the latter 
was clear yellow. The aspirated fluids were cytologically 
negative for malignant cells and also for bacterial 
growth. 
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Fig. 2. Longitudinal scan through fetal body. H: Heart; 
F: intrathoracic fuid; LL: left lung; RL: right lung; Le: liver; 
AO: aorta; and AB: abdomen. 


Ultrasonographic examination at the thirty-first week 
revealed a trend to slight improvement of hydramnios, 
a small left lung with a large amount of intrathoracic 
fuid, and a normal-sized right lung (Fig. 2). The left 
lung was interpreted, from these findings, to be hy- 
poplastic, 

In the amniography performed with 40 ml of 60% 
Urografin after amniocentesis at the thirty-second 
week, the gastrointestinal tract was not visualized. The 
lecithin value and the lecithin/sphingomyelin ratio in 
the amniotic fluid were 85.0% and 5.67, within normal 
ranges. 

Premature rupture of the membranes occurred at 
the thirty-third week; labor began spontaneously, and 
a premature male infant weighting 2060 gm was deliv- 
ered, with Apgar scores of 8 and 9 at | and 5 minutes, 
There was an outflux of a large amount of amniotic 
fluid. The placenta and umbilical cord were normal. 

The infant immediately breathed and cried, but at 
10 minutes, respiratory distress prompted immediate 
intubation and needle thoracentesis. Straw-colored 
fluid amounting to 120 ml was aspirated from the left 
thoracic cavity. On transfer to the neonatal intensive 
care unit, a left chest tube was inserted. After this man- 
agement, the intrathoracic Huid disappeared sponta- 
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neously on the fifth day of life. Hypoplasia only in the 
left lower pulmonary lobe was confirmed on the twenty- 
first day by a pulmonary technetium Tc-99m scinti- 
gram. The infant subsequently has continued to do 
well. 


Comment 

Fetal pulmonary hypoplasia may be either congenital 
or acquired, and it is considered that compression of 
the lung by long-standing oligohydramnios and by in- 
trathoracic fluid, ascites, or intra-abdominal tumors of 
the fetus is the mechanism causing the acquired pul- 
monary hypoplasia. In this case, hypoplasia of the left 
lower pulmonary lobe is a congenital defect that orig- 
inates in the embryonic period because, if it is induced 
by the compression, the entire left lung will be hypo- 
plastic, considering the ultrasonographic findings. 

The cause of fetal hydrothorax is almost unknown. 
However, the commonly mentioned pulmonary causes 
are cystic adenomatoid malformation of the lung, pul- 
monary lymphangiectasis, and pulmonary hypoplasia.” 
In this case, it seems reasonable to assume that the 
immaturity of the lymphatic system due to retardation 
in differentiation of the left lower pulmonary lobe in- 
duced the hydrothorax. This is supported by the fact 
that the fluid accumulation was observed only in the 
left side of the chest by ultrasound examination at the 
twenty-eighth week of pregnancy (Fig. 1). 

Because of the large amount of fetal intrathoracic 
fluid, hydramnios in this case is thought to have been 
induced by difficulty in the fetal swallowing of amniotic 
fluid. This may also explain the lack of visualization of 
the gastrointestinal tract after intra-amniotic instillation 
of Urografin. 
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using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 

CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX' IS INSTITUTED, CAREFUL INQUIRY SHOULD 


BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSEN- 


SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 
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Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients w 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibioti 
alters normal flora of the colon and may permit overgrowth of Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin én vitro. Mild cases o 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be manag 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for an 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 

PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution i 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal statu 
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with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Ca! 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 
Drug Interactions: Although the occurrence has not been reported with ‘Cefizox’ nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 
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have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There a 
however, no adequate and well-controlled studies in pregnant women. Because animal reprod: 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been establishec 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not bee 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associa’ 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase 
The CPK elevation may be related to I.M, administration. 

ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, | 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SG 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 
Some individuals have developed a positive Coombs test. Loca/—Injection site—Burning, 
cellulitis, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 

Less frequent adverse reactions (/ess than 1%) are: Hypersensitivity~Numbness has been 
reported rarely, Hepatic—Elevation of bilirubin has been reported rarely. Rena/—Transient ele 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiti 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear durin, 
or after antibiotic treatment. (See Warnings.) 
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plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 gram: 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 
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A prospective evaluation of nipple stimulation techniques for 


contraction stress testing 


Kirk A. Keegan, Jr., M.D., Douglas A. Helm, M.D., Manuel Porto, M.D., 


Yuji Murata, M.D., and Patricia L. Schmidt, M.D. 
Orange, California 


Nipple stimulation techniques for achieving a contraction stress test were evaluated prospectively in 1271 
nipple stimulation contraction stress tests in 753 patients. Success was unrelated to parity, gestational 
age, or warm, moist towels but was related to the presence of spontaneous prestimulation contractions. 
Various stimulation techniques were equally successful in achieving a completed test in the presence of 
prestimulation contractions; however, continuous stimulation was more successful when contractions were 
absent. Hyperstimulation test results occurred in 21.5% of attempts and increased to 28.8% when bilateral, 
continuous stimulation was performed. (Am J OssteT GYNECOL 1987;157:121-5.) 


Key words: Contraction stress test, nipple stimulation, antepartum testing 


After the initial report by MacMillan (see ref. 10) in 
1980, the nipple stimulation contraction stress test has 
replaced the oxytocin-induced contraction stress test in 
many institutions. Obvious advantages in reduced 
cost and shortened testing times have been demon- 
strated.'® Success at achieving a contraction stress test 
using nipple stimulation has been reported to vary be- 
tween 57% and 100%, whereas test results and perinatal 
prognostic significance have reportedly been equivalent 
to oxytocin-induced contraction stress tests.) 4° In- 
creased rates of uterine activity, both with and without 
late decelerations, have been described.”° 

Multiple stimulation techniques have been advocated 
in the literature. ° As originally reported, warm, wet 
towels were applied to the breasts, presumably to im- 
prove blood flow and, possibly, to influence oxytocin 
release. Others have advocated stimulation through the 
patient’s clothing or stimulating the bare nipple. Uni- 
lateral and bilateral nipple stimulation, as well as in- 
termittent and continuous stimulation techniques, have 
been employed. 

The purpose of this report is to evaluate the ability 
of various stimulation techniques to achieve a successful 
test and to study the influence of gestational age, parity, 
and the presence of prestimulation contractions on suc- 
cessful test completion. 
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Material and methods 


Both the University of California, Irvine Medical 
Center and St. Joseph Hospital are located in Orange, 
California. From March 1984 to August 1985, 491 pa- 
tients at St. Joseph Hospital and 262 patients at Uni- 
versity of California, Irvine Medical Center, who pre- 
sented to their respective fetal diagnostic centers, were 
included in the study. All contraction stress test results 
were read by the same maternal-fetal medicine physi- 
cians. Patients were monitored for 15 minutes to ob- 
serve baseline fetal heart rate and uterine activity be- 
fore nipple stimulation. The six testing techniques were 
equally divided in each of the three gestational ages 
under study: <35 weeks, 35 to 41 weeks, and >41 
weeks. The technique to be assigned was determined 
after the observation period from a random draw of 
sealed envelopes chosen for the appropriate gestational 
age. Random assignment of technique was repeated in 
a similar fashion for patients who underwent multiple 
tests. 1A, Dry towel over breasts with immediate uni- 
lateral, continuous stimulation throughout test. 1B, Dry 
towel over breasts with immediate continuous unilateral 
stimulation until onset of contraction and then inter- 
mittent stimulation—1 minute on, 1 minute off—until 
completion of test. 1C, Dry towel over breasts with im- 
mediate unilateral intermittent stimulation—1 minute 
on, 1 minute off—for duration of test. 

Techniques 2A, 2B, and 2C were identical to the 
respective techniques described above except for the 
use of warm, moist towels applied to both breasts, with 
a 5-minute baseline before stimulation. Stimulation was 
by a rolling or tugging motion of the nipple through 
the towel. If a completed test did not appear imminent 
after approximately 30 minutes, the test was declared 


121 


122 Keegan et al. 


Table I. Indication for testing 








l Patients Tests 
Indication (n = 753) (n = 1271) 

Diabetes 76 154 
PIH 61 105 
Hypertension 105 223 
IUGR 129 215 
Postdates 264 372 
Other 184 310 
Total 809* 1379* 


PIH, pregnancy-induced hypertension; IUGR, intrauterine 
growth retardation. 

*In some patients there was more than one indication for 
testing. 


Table II. Gestational age and spontaneous 
prestimulation contractions 








No 


Prestimulation prestimulation 
Gestational age contractions contractions 
(wh) (n!%) (n/%) 


<35 (I) 38/28.8 94/71.2 
35-41 (II) 460/50.5 451/49.5 
>41 (III) 148/64.9 80/35.1 


I versus II: x? = 21.77; p < 0.0001. 
II versus III: x? = 15.22; p< 0.001. ` 
I versus III: x? = 43.69; p < 0.0001. 


a failure, and either an oxytocin-induced contraction 
stress test was performed (University of California, Ir- 
‘vine Medical Center) or bilateral continuous nipple 
stimulation (St. Joseph Hospital) was used. Patients who 
subsequently failed the bilateral continuous stimulation 
test received an oxytocin—induced contraction stress 
test. 

A successful test result was defined as the presence 
of three uterine contractions within a 10-minute pe- 
riod, with each contraction lasting a minimum of 40 
seconds. The interpretation of the nipple stimulation 
contraction stress test result was identical to that of an 
oxytocin—induced contraction stress test. Negative test 
results showed no decelerations throughout the test. 
Suspicious test results showed late or prolonged de- 
celerations associated with <50% of contractions. A 
positive test result showed repetitive late decelerations 
with >50% of contractions. A hyperstimulation test re- 
sult was defined as a prolonged contraction of >90 
seconds accompanied by a late deceleration or frequent 
contractions with intervals of <2 minutes, accompanied 
with late decelerations. 

Statistical analysis was performed by x’ and the Stu- 
dent t test. Multivariate analysis and logistic regression, 
using Bartholomew’s method of x”, and the Mantel- 
Haenszel technique were employed where appropriate. 
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Results 


All data results were analyzed separately by the hos- 
pitals, and no significant differences were noted. The 
data for both institutions were then combined. Unless 
otherwise specified, all of the results apply only to initial 
test attempts. A total of 1271 test attempts were per- 
formed on 753 patients for the indications listed in 
Table I. 

Parity. A total of 611 (48.1%) test attempts were in 
nulliparous patients, and 660 (51.9%) attempts were in 
multiparous patients. Farity had no impact on achiev- 
ing a completed test, the presence of prestimulation 
contractions, or the incidence of hyperstimulation test 
results. 

Prestimulation contractions. Spontaneous prestim- 
ulation contractions were present in 651 of 1271 
(51.2%) tests. The presence of prestimulation contrac- 
tions increased significantly from 28.8% at <35 weeks 
to 50.5% at 35 to 41 weeks and 64.9% at >41 weeks 
(p < 0.001) (Table II). The presence of spontaneous 
prestimulation contractions significantly increased the 
likelihood of achieving a completed nipple stimulation 
contraction stress test. 

Gestational age. A total of 133 (10.4%) test attempts 
were performed at <35 weeks, 910 (71.1%) attempts 
at 35 to 41 weeks, and 228 (17.9%) attempts at >41 
weeks. The likelihood of achieving a completed nipple 
stimulation contraction stress test increased with ad- 
vancing age. However, using the Mantel-Haenszel test, 
the increased likelihood of test success could be attrib- 
uted to the increased frequency of spontaneous pre- 
stimulation contractions. In the absence of prestimu- 
lation contractions there was no significant difference 
in success rate in the three gestational age periods. 

Test success and technique. There were 1271 initial 
nipple stimulation contraction stress test attempts, of 
which 923 (72.6%) were successful in obtaining a com- 
pleted contraction stress test. Of the 348 test failures, 
127 tests were completed by a standard contraction 
stress test technique. At St. Joseph Hospital, 164 pa- 
tients underwent 221 test attempts using continuous, 
bilateral stimulation after an initial test failure. A suc- 
cessful test result was achieved in 69.7% of the patients, 
resulting in an overall nipple stimulation contraction 
stress test success rate of 92.2% for St. Joseph Hospital 
(Table III). However, for the purposes of this report, 
only initial test attempts were included for evalu- 
ation. 

There was no difference in achieving test success 
using dry towels (technique 1) when compared with 
warm, moist towels (technique 2). 

When prestimulation contractions were present, all 
test techniques showed similar success rates at achieving 
a completed contraction stress test. However, in the 
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Table III. Test results 


SUCCESS 
(nip) _ Fai (n) 


Patients 
Initial (n = 753) 923/72.6 348 
Secondary (n = 164) 154/69.7 67 


#y? = 4.7; p < 0.03. 
ty’ = 3.9; p < 0.05. 
ty’ = 3.8; p < 0.05. 
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Test 


Negative Positive Suspicious Hyperstimulation 
(n!%) (n!%) (ni) (ni %) 


607/65.7 4/0.4* 
79/51.0 3/1.9* 


114/12.4f 
28/18.37 


198/21.4¢ 
44/28.84 


Table IV. Success rate by technique and prestimulation contractions 








Prestimulation Prestimulation 
contractions contractions 
Technique (-) % Success (+) % Success Total (T) % Success 
lA 99/128 77.3 82/105 78.1 181/233 77.7 
1B 67/99 67.7 71/90 78.9 138/189 73.0 
IC 55/98 56.1 78/104 75.0 133/202 65.8 
2A 64/92 73.5 111/129 &6.0 175/22] 79.2 
2B 63/87 72.4 88/110 &0.0 151/197 76.6 
2C 54/112 48.2 91/117 77.8 145/229 63.3 


1A (—) versus 1C (—) x? = 11.46; p < 0.01. 
2A (—) versus 2C (—) x? = 9.4; p < 0.003. 
2B (—) versus 2C (—) x? = 11.78; p < 0.001. 
1A (T) versus 1 C (T) x’? = 7.53; p < 0.01. 
2A (T) versus 2C (T) x? = 13.75; p < 0.0005. 
2B (T) versus 2C (T) x? = 8.86; p < 0.003. 


absence of prestimulation contractions, continuous (As) 
or continuous-intermittent (Bs) stimulation was suc- 
cessful more frequently than was intermittent (Cs) stim- 
ulation (Table IV). Mean stimulation to initial contrac- 
tion times and completed test times were calculated 
from completed tests with no prestimulation contrac- 
tions. The mean stimulation to initial contraction time 
was 3.8 + 2.9 minutes. The mean completed test times 
for the dry and wet techniques were 15.5 + 5.5 minutes 
and 20.1 + 6.4 minutes, respectively. These times were 
not significantly different when the 5-minute warm 
towel baseline period was excluded. Neither initial con- 
traction nor completed test times were influenced by 
parity, gestational age, or stimulation technique. 
Ninety-six percent of all successful tests were completed 
in 30 minutes or less. 

The incidence of negative, suspicious, positive, and 
hyperstimulation test results was 65.7%, 12.4%, 0.4%, 
and 21.4%, respectively. Bilateral continuous stimula- 
tion resulted in an increase in hyperstimulation, sus- 
picious, and positive test results (Table ITI). 

Hyperstimulation. Prolonged contractions >90 sec- 
onds were noted in 452 of 923 (49.0%) successful test 
results. Late decelerations were noted in association 
with 198 (43.8%) results and were interpreted as hy- 


perstimulation test results. No late decelerations were 
noted in 254 (56.2%) tests and were interpreted as neg- 
ative nipple stimulation contraction stress test results. 
Prolonged uterine contractions were significantly more 
likely to occur if prestimulation contractions were pres- 
ent (p < 0.001) (Table V). 

In negative nipple stimulation contraction stress test 
results, without prestimulation contractions, the inci- 
dence of prolonged uterine contractions increased with 
gestational age, from 12.1% at <35 weeks to 48.1% at 
>41 weeks (p < 0.01) (Table V). 

The overall rate of hyperstimulation test results was 
21.5% and increased from 9.4% at <35 weeks to 29.0% 
at >41 weeks (p < 0.001) (Table VI). 

Using the Mantel-Haenszel technique, there is a sta- 
tistically significant association (p < 0.0001) between 
gestational age’prestimulation contractions and pro- 
longed contractions during nipple stimulation. How- 
ever, the ratio of late decelerations to prolonged con- 
tractions remained constant during all gestational ages, 
and the presence of prestimulation contractions was not 
associated with an increase in hyperstimulation test re- 
sults. Furthermore, no correlation was noted between 
hyperstimulation test results and parity, stimulation 
technique, or warm, moist towels. 
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Table V. The incidence of prolonged contractions in negative test results with and without 


prestimulation contractions 







Prolonged uterine 
contractions 


(n!/%) 


Negative test 





+ Uterine contractions 9/37.5 
— Uterine contractions 4/12.1 
Total 13/22.8 


<35 Wh (I) 35-41 Wr (II) 


Prolonged uterine 
contractions 


(n!%) (n) (n!%) 


>41 Wk (IIT) 







Prolonged uterine 


Negative test contractions Negative test 


(n) 





125/61.9 - 202 41/60.3 68 
62/36.3 171 13/48.1 27 
187/50.1 373 54/56.8 95 


I +uterine contractions versus — uterine contractions: x? = 6.54; p < 0.01. 
II +uterine contractions versus — uterine contractions: x? = 24.25; p < 0.0001. 


I versus II: x? = 13.03; p < 0.001. 
I versus III: x? = 16.10; p < 0.001. 


Table VI. Hyperstimulation by gestational age with and without prestimulation contractions 








<35 Wk (I) 


+ Uterine contractions 1/3.2 
— Uterine contractions 8/12.3 ie 
Total 9/9.4 96 


NSCST, Nipple stimulation contraction stress test. 
I versus II: x? = 7.69; p < 0.01. 

II versus III: x? = 4:35; p < 0.05. 

I versus III: x? = 13.83; p < 0.001. 


Comment 


Various reports have evaluated serum oxytocin levels 
after nipple stimulation in the antepartum period.''” 
No consistent rise in oxytocin levels has been demon- 
strated. Despite this fact, nipple stimulation has been 
used effectively for cervical ripening, induction of la- 
bor, and antepartum testing.”**7" 

Success rates of nipple stimulation contraction stress 
tests have been reported to be between 57% and 100%. 
Our overall success rate of 72.6% was similar to that 
reported previously at our institution by Oki et al.* The 
secondary success rate of 92.2% was similar to that re- 
ported by other investigators.” * *’ 

The rate of success was not influenced by parity, ges- 
tational age, or warm, moist towels. Tests were more 


likely to be successful if prestimulation contractions’ 


were present, suggesting that the uterus was more re- 
ceptive to the effects of nipple stimulation, by whatever 
mechanism. However, even in the absence of prestim- 
ulation contractions, 65% of all attempts were success- 
ful, with no significant difference noted by gestational 
age. This would suggest that nipple stimulation is a 
major determinant in achieving a successful test result, 
albeit the success rate improves when prestimulation 
` contractions are present. The stimulation technique 
was unrelated to the achievement of a successful test 


35-41 Wk (ID) >41 Wh (III) 








Completed 
NSCST (n) 


86/23.6 365 35/29.4 119 
54/18.9 286 16/28.1 57 
140/21.5 651 51/29.0 176 


result in the presence of prestimulation contractions. 
This suggests that if the uterus is sufficiently receptive, 
success is equally likely, irrespective of stimulation tech- 
nique. In the absence of prestimulation contractions, 
continuous stimulation was more successful in achiev- 
ing a completed test. 

Previous investigatcrs have found a higher incidence 
of prolonged uterine activity with the use of a nipple 
stimulation contraction stress test. In our study group, 
49.0% of the patients had prolonged contractions. No 
comparable information is available in the literature 
regarding the incidence of prolonged contractions, 
without decelerations, using oxytocin. Prolonged con- 
tractions were found to be correlated with the presence 
of prestimulation contractions, both of which increased 
significantly with advancing gestational age. Although 
the ratio of hyperstimulation test results to tests with 
prolonged contractions remained essentially constant 
with advancing gestational age, the number of tests with 
prolonged contractions increased significantly toward 
term, thereby accounting for the significant increase in 
hyperstimulation test results. 

The incidence of hyperstimulation test results was 
particularly disturbing, because our protocol calls for 
repeat testing within 24 hours. This places an undue 
burden on the patient and the testing facility. It is en- 
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tirely possible that our intermittent techniques (1B, C, 
2B, and C) were physiologically closer ‘to continuous 
stimulation than to intermittent stimulation. Our in- 
termittent stimulation protocol was designed arbitrarily 
and when most preliminary studies were using contin- 
uous stimulation. Prolongation of the stimulation-free 
interval, as others have subsequently reported, may re- 
duce the incidence of hyperstimulation test results. 

' Based on our data, a choice of nipple stimulation 
technique does not depend on parity, gestational age, 
or the usé of warm, moist towels. Continuous stimu- 
lation seems to succeed more frequently in obtaining. a 
completed test in the absence of prestimulation con- 
tractions but results in a high incidence of hyperstim- 
ulation test results when compared with other reports. 
More intermittent stimulation may reduce the inci- 
dence of hyperstimulation results; however, in the ab- 
sence of prestimulation contractions it is also more apt 
to result in a higher number of test failures. Further 
refinements in nipple stimulation intervals appear war- 
ranted and might be based on the presence or absence 
of prestimulation contractions. 
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Heart rate variation and movement incidence iD 
growth-retarded fetuses: The significance of antenatal late 


heart rate decelerations 


D. J. Bekedam, M.D., G. H. A. Visser, M.D., Ph.D., E. J. H. Mulder, M.Sc., and 


G. Poelrnann-Weesjes, M.Sc. 
Groningen, The Netherlands 


In 37 intrauterine growth-retarded fetuses, combined 1-hour recordings of fetal heart rate and body 
movements were made within 24 hours of elective cesarean section. Fetal body movements were 
recorded simultaneously by use of real-time ultrasound. The study group was divided into two subgroups, 
according to the presence (n = 29) or absence (n. = 8) of antepartum late heart rate decelerations. 
Correlations were made with umbilical blood gas values obtained immediately after cesarean section. 
Baseline heart rate variation was reduced below the normal range in 88% of the intrauterine 
growth- -retarded fetuses with decelerations but in only 37% of the group without decelerations. A reduction 
in fetal heart rate accelerations and body movements. and an increase in.mean heart rate also were 
observed only in the group with decelerations. Late heart rate deceleratioris. were associated with low Po, 
values in both umbilical artery and vein. lt is concluded that in intrauterine growth- -retarded fetuses reduced 
heart rate variation and movement incidence correlate with the presence of late neart rate decelerations 
before birth and with hypoxemia at birth. (AM J OssTET GYNECOL 1987;157:126-33.) 


Key words: Intrauterine growth retardation, fetal heart rate, fetal heart rate decelerations, 


fetal movements, fetal hypoxemia 


With. progressive deterioration of the fetal condition 
in utero, both heart rate variation and fetal movements 
decrease. Just before fetal death the baseline variability 
is decreased to less than 5 bpm, with no accelerations 
and with late decelerations, that is, “the terminal pat- 
tern.” This condition is grong associated with fetal 
acidemia.' 

Recently with computerized ceca of heart rate rec- 
ords an association between reduced heart rate varia- 
tion and growth retardation has been established in the 
human fetus. In this study late heart rate decelerations 
were usually present, but acidemia had not yet devel- 
oped.’ It was therefore concluded that the initial re- 
duction of long-term heart rate variation is not caused 
by acidemia but is caused by some other factor asso- 
ciated with growth retardation. As heart rate variation 
and the incidence of body movements are reduced im- 
mediately after late heart rate decelerations it has been 
suggested that these reductions are associated with fetal 
hypoxemia.’ 
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The aim of the present study is twofold. First it is an 
attempt to gain more insight as to when heart rate 
variation and movements decrease in the intrauterine 
growth-retarded (IUGR) fetus. Second, it is an attempt 
to examine the relationship of these parameters to acid- 
base status at delivery. In ‘this article results based on 
37 IUGR fetuses are presented, with combined re- 
cordings of fetal heart rate and. fetal motility obtained 
within 24 hours of elective cesarean section. 


Patients ana —— 


The study group consisted initially of 49 patients, 
admitted to the obstetric ward with a clinical diagnosis 
of intrauterine growth retardation. Excluded were in- 
fants delivered vaginally, infants with birth weights 
above the tenth percentile according to the Dutch 
(Kloosterman) growth curves, and infants with con- 
genital malformations. Thirty-seven fetuses who had a 
weight at birth below the tenth percentile, corrected 
for sex, parity, and gestational age, remained in the 
study group. In the hospital Nonstress fetal heart rate 
monitoring was performed daily for a minimum du- 
ration of 45 minutes. The subjects were divided into 
two subgroups on the basis of presence or.absence of 
late heart rate decelerations in any of the antenatal 
heart rate records. An example of a late heart rate 
deceleration is presented in Fig. 1. Fetuses with one or 
more late heart rate decelerations were designated as 
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Fig. 1. An example of an antenatal late heart rate deceleration. 


Table I. Clinical data in cases of IUGR fetuses 


Group with decelerations 
(n = 29) 


Pregnancy-induced hypertension (No.) 
Albuminuria (No.) 
Antihypertensive drugs (No.) 
Type 1 diabetes mellitus (No.) 
Gestational age at birth (wk) 

Mean 

Range 
Birth weight (gm) 

Mean 

Range 
Birth weight percentile 

<2.3 

2.3-5 

5-10 

>10 
Stillbirth (No.) 
Neonatal death (No.) 
Intubation (No.) 


Group without decelerations 


(n = 8) 
19 4 
13 2 
5 0 
2 0 
33.3 35.9 
28-38 31-39 
1245 1611 
610-2210 950-2530 
15 4 
8 l 
6 3 
0 0 
l 0 
] ] 
5 I 





the group with decelerations (n = 29). The remainder, 
who had normal or suboptimal heart rate traces but no 
detectable late heart rate decelerations, were desig- 
nated as the group without decelerations (n = 8). All 
patients were delivered by elective cesarean section be- 
tween 28 and 39 weeks of gestation. Clinical data of 
the patients are shown in Table I. 

The combined fetal heart rate and movement re- 
cordings discussed in this paper were all made within 
24 hours of cesarean section, 70% of which were within 
6 hours. All recordings had a duration of 60 minutes 
and were made with the patient in a semirecumbent 
position, slightly tilted to the left. The fetal heart rate 
recordings were made with a Hewlett Packard cardio- 
tocograph (Model 8030 A). Fetal pulse intervals were 
derived from an abdominal electrocardiographic signal 
(n = 15) or from a phonomagnetic signal (n = 22) and 
were stored on a minicassette after preprocessing by a 
microprocessor. The data were analyzed with a previ- 
ously described computer program.‘ The baseline heart 
rate variation was calculated as the root mean square, 


after exclusion of accelerations and decelerations in 
excess of 40 msec (~14 bpm). Only heart rate records 
with a fail time <70% were used in this study.’ Three 
heart rate records had to be rejected for this reason. 
The fetal heart rate data from the growth-retarded 
fetuses were compared with similarly collected and pro- 
cessed data from 260 records made in 112 normal un- 
complicated pregnancies between 28 and 40 weeks of 
gestation. Data on the majority of these pregnancies 
(n = 60) have been published before.’ In making com- 
parisons the effect of gestational age was taken into 
account. 

Simultaneously with the recording of heart rate, fetal 
body and breathing movements were observed with a 
linear-array scanner (Aloka, Model SSD-256; Siemens, 
Imager 2300). The transducer was held in a parasagittal 
plane so that the fetal trunk and head were visible. Fetal 
body and breathing movements were recorded digitally 
by means of an event marker and encoded on the same 
tape as the fetal pulse intervals. Since the fetal body 
movements were analyzed in 3.75-second epochs, only 
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Fig. 2. Baseline heart rate variability (root mean square, RMS) of IUGR fetuses with decelerations 
(A) and of IUGR fetuses without decelerations (B). The dotted lines indicate the percentiles of the 
control fetuses. Control data are based on 260 records made in 112 pregnancies. 


one fetal movement was accepted each 3.75 seconds 
irrespective of the frequency of pressing the button of 
the event marker. Data on fetal body movements from 
101 1-hour records obtained in 52 normal, uncompli- 
cated pregnancies were used as controls. Pregnancy 
and fetal outcome in this group were uneventful. All 
infants were above the tenth percentile according to 
the Dutch (Kloosterman) curves, did well at birth, and 
did not need special pediatric attention. These data 
were collected together with more recent data on heart 
rate variation in normal pregnancies and have been 
published only in part.®” Data on fetal breathing move- 
ments are not included in this paper. 

The patients of the study group were delivered by 
elective cesarean section because of suspected fetal dis- 
tress before the onset of labor, except for one infant 
that died in utero. Twenty-nine women were under 
general anesthesia; the remaining seven infants were 
delivered with the mothers under epidural analgesia. 
The general anesthesia consisted of preoxygenation 
with 100% oxygen at a flow rate of 10 L/min; thiopental 
sodium, 225 to 250 mg; suxamethonium chloride, 
50 mg; and 0.5% halothane. The patients with epidural 
analgesia were also preoxygenated as mentioned above. 

At delivery the umbilical cord was double clamped, 
and arterial and venous blood was analyzed immedi- 
ately for pH, Pco,, Po,, and base excess, with the 
use of an automatic pH—blood gas analyzer (Model 
AVL 940). The acid-base and blood gas values of 45 
infants delivered by elective cesarean section at 37 to 
40 weeks of gestation were used as control values. 
Thirty of these infants were delivered with the mothers 


under general anesthesia; in the remaining 15 the 
mothers were under epidural analgesia. Anesthetic 
procedures were performed as described in the study 
group. All these infants had normal antenatal heart rate 
records and were above the twenty-fifth percentile, ac- 
cording to the Dutch (Kloosterman) curves. The indi- 
cations for elective termination of pregnancy, before 
the onset of labor, were breech presentation (n = 16), 
cephalopelvic disproportion (n = 25), and poor ob- 
stetric history but normal pregnancy (n = 4). This con- 
trol group was not part of the group in which the nor- 
mal fetal heart rate pattern and body movement inci- 
dence were studied. 

Statistical significance was determined with Student’s 
t test. 


Results 


In the group with decelerations the baseline fetal 
heart rate variation assessed numerically was below the 
fifth percentile of the normal range in 23 of the 26 
cases (88%) (Fig. 2). In IUGR fetuses without antenatal 
decelerative heart rate traces baseline heart rate vari- 
ability was reduced in three of the eight cases (37%) 
(Fig. 2). Heart rate variation in the group with decel- 
erations was significantly reduced compared with that 
in the group without decelerations and the control 
group (p < 0.005; Table II). This reduction was also 
present when gestational age was taken into account. 

The mean heart rate was significantly increased in 
the group with decelerations compared with the control 
group, although it was usually still within the normal 
range (p < 0.005; Table II). The mean heart rate of 
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Table II. Baseline heart rate variability, mean heart rate, number of accelerations, and gross body 


movements of the growth-retarded and control fetuses 






Gestational age (wk) 


Baseline heart rate variability 
(root mean square in msec) 


IUGR group 
With decelerations Without decelerations 






Control group 


28-32 6.7 + 0.6 6.9 6.7 + 0.5 11.9 + 0.2 
(10) (1) (11) (48) 
33-36 6.5 + 0.9 IRSE fe | 76+ 1.1 12S ee 2 
(11) (3) (14) (80) 
37-40 7.0 + 1.2 10.2 + 1.0 8.4 + 0.9 12.3 + 0.2 
(5) (4) (9) (132) 
Combined (28-40) 6.9 + 0.5 10.2 + 0.8 7.5 x 0.5 12:3°2 02 
(26) (8) (34) (260) 
Mean heart rate (bpm) | 
28-32 148.1 + 2.9 157.7 149.0 + 3.3 141.5 + 0.9 
(10) (1) (11) (48) 
33-36 147.1 + 3.0 140.5 + 3.3 457 29 141.0 + 0.8 
(11) (3) (14) (80) 
37-40 146.4 + 1.2 136.3 + 4.1 141.9 + 2.5 141.0 + 0.8 
(5) (4) (9) (132) 
Combined (28-40) 147.4 + 1.7 140.6 + 3.4 145.8 + 1.6 141.1] + 0.5 
(26) (8) (34) (260) 
No. of accelerations (>40 msec 
and >15 sec) per hour 
28-32 0.1 + 0.1 0.0 0.1 + 0.1 44+ 0.8 
(10) (1) (11) (48) 
33-36 0.4 + 0.4 T3 250 1.9 + 1.2 11.8 + 0.9 
(11) (3) (14) (80) 
37-40 0.8 + 0.6 10.5 + 4.3 5.1 + 2.5 14.4 + 0.7 
(5) (4) (9) (132) 
Combined (28-40) 0.4 + 0.2 8.0 + 2.9 22- 0.9 11.7 + 0.5 
(26) (8) (34) (260) 
Gross body movements 
(% of time) 
28-32 4.6 + 0.9 6.9 4.8 + 0.8 14.5 + 0.8 
(12) (1) (13) (26) 
33-36 7.6 + 1.9 12.9 + 3.5 8.7- E22 12.6 + 0.9 
(12) (3) (15) (26) 
37-40 44+ 0.6 16.1 + 6.8 9.6 + 3.5 17.6 + 1.2 
(5) (4) (9) (49) 
Combined (28-40) 5.8 + 0.9 137 2 326 15.12 15.7 + 0.8 
(29) (8) (37) (101) 


Values are mean + SEM. Number of records is in parentheses. 


the IUGR fetuses of the group without decelerations 
was not significantly different from that of the control 
group. 

The number of accelerations per hour exceeding 40 
msec (~ 14 bpm) and lasting more than 15 seconds were 
significantly reduced in the group with decelerations 
(p < 0.005; Table II). The group without decelerations 
had accelerations within the normal range (Table II). 
This is in accordance with the fetal movement incidence 
in both groups. The lower limit (fifth percentile) of 
normal fetal activity was rather constant throughout 
the last trimester (Fig. 3). A reduction in movement 
incidence below the fifth percentile of the normal 
group occurred in 69% of the fetuses of the group with 
decelerations whereas in only two of the eight cases 


(25%) of the group without decelerations were fetal 
movements slightly reduced (Fig. 3). The combined 
growth-retarded group moved significantly less than 
the control fetuses (p < 0.005; Table II). As indicated, 
this is due to the reduction in movement incidence in 
the group with decelerations (Table II). 

In Figs. 4 and 5, pH and Po, values in the umbilical 
artery and vein are shown. In most of the 36 IUGR 
fetuses (72%) umbilical artery pH was above 7.20. The 
mean arterial and venous pH values of the group with 
decelerations were lower than those of the control 
group (p < 0.05) even though most values were within 
the normal range (Fig. 4). In contrast, PO, values in 
both umbilical artery and vein were remarkably low in 
the group with decelerations (Fig. 5). Differences be- 
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Fig. 3. Fetal body movements (percent of time) of IUGR fetuses with decelerations (A) and IUGR 
fetuses without decelerations (B). The dotted lines indicate the percentiles of the control fetuses. 
Control data are based on 101 records made in 52 pregnancies. 


tween this group and the group without decelerations 
and the control group were highly significant (p < 
0.005). No significant differences were found in Pco, 
and base excess values between either the growth- 
retarded group or the control group. Table III sum- 
marizes all the blood gas values. To exclude possible 
effects of pH changes on oxygen tension, umbilical ar- 
tery Po, values of IUGR fetuses with an umbilical artery 
pH between 7.20 and 7.28 were compared with those 
of control group fetuses whose umbilical artery pH 
values were in the same range. Again a significant dif- 
ference in Po, was found (p < 0.005; Table IV). 

To analyze the association between reduced baseline 
heart rate variability and low oxygen tension, IUGR 
fetuses with low and high heart rate variability were 
compared. A cutoff point was chosen at a baseline vari- 
ability of 8 msec, as this was approximately 2 SD below 
the mean baseline heart rate variability. IUGR fetuses 
with a variability of <8 msec (n = 21) had significantly 
lower arterial and venous Po, values than those with 
variability >8 msec (n = 12) (p < 0.05). The group 
with a very low baseline heart rate variation included 
19 (76%) of the IUGR fetuses with late heart rate de- 
celerations. Only two (25%) of the IUGR fetuses with- 
out decelerations had a baseline heart rate variation 
below 8 msec. No differences existed in umbilical artery 
and vein pH and base excess. PCO, values were signif- 
icantly higher in the group with the lowest heart rate 
‘variability (p < 0.05; Table V). 


Comment 


This study confirms earlier findings** that in growth- 
retarded fetuses long-term heart rate variation (that is, 


baseline variation and variation caused by accelerations 
and decelerations) is usually low. However, in the ab- 
sence of late heart rate decelerations, baseline variation 
is nearly always within the normal range." In the pres- 
ence of late decelerations, however, baseline variation 
and the incidence of accelerations are reduced. These 
data imply that before late decelerations appear, the 
heart rate variation pattern of the growth-retarded fe- 
tus cannot be distinguished from that of the noncom- 
promised fetus. Consequently reduction of long-term 
variation has to be considered a rather late sign of fetal 
compromise. At this stage of deterioration fetal aci- 
demia has not yet developed, as 80% of the fetuses with 
reduced variation had an umbilical artery pH 27.20. 
‘This confirms the findings of Henson et al.’ that the 
initial reduction of heart rate variation is not caused by 
acidemia. However, remarkably low Po, values in both 
umbilical artery and vein were found in the IUGR fe- 
tuses with decelerations. In this group hypoxemia was 
consistently present at elective cesarean section, in con- 
trast to findings in IUGR fetuses without decelerations 
in whom Po, values were within the normal range. As 
the lowest Po, values were found in fetuses with re- 
duced heart rate variation it is tempting to assume an 
association between chronic fetal hypoxemia and the 
reduction of heart rate variation. 

Just before fetal death heart rate variation is usually 
extremely low and decelerations, mostly shallow in 
character, follow each Braxton Hicks’ contraction. With 
this “terminal” pattern acidemia is present in 70% of 
the cases at cesarean section.' These late decelerations 
differ from those found in growth-retarded fetuses 
in whom only hypoxemia is present. With the “termi- 
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Fig. 4. Umbilical artery and vein pH values of IUGR fetuses with decelerations, IUGR fetuses without 


decelerations, and control fetuses. 
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Fig. 5. Umbilical — and vein Po, values of IUGR fetuses with decelerations, IUGR fetuses. 


without decelerations, and control fetuses (kPa). 


nal” pattern, variation is low during the deceleration, 
whereas in the group.with decelerations an increase in 
variation is often found (Fig. 1). It may well be that the 
etiologic backgrounds of these two types of decelera- 
tions are different. Court and Parer® have described 
two possible mechanisms. The first mechanism is in- 
creased vagal activity due to chemoreceptor activation 
without reduced myocardial oxygen consumption. The 
increased heart rate variation often seen during these 
decelerations may be caused by simultaneously in- 
creased f-adrenergic receptor activity. The second 


mechanism occuis in terminal patterns, where hypoxic 
myocardial depression predominates over increased va- 
gal activity. In these cases heart rate variation during 
the deceleration is reduced. a, 

The present findings agree with those of Murata 
et al.,"° who found that late decelerations appeared first 
in rhesus monkeys with progressive deterioration in 
fetal condition. This condition, which was associated 
with fetal hypoxemia, was followed by a decrease in 
accelerations (and in movements?) and a gradual de- 
cline in the pH. Reduced Po, values found in fetal 
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Table III. Blood gas values (mean + SD) of IUGR fetuses and control fetuses at elective cesarean section 





Umbilical artery 
Umbilical vein 


Po, (kPa) 
Umbilical artery 1.61 + 0.4274 
Umbilical vein 2.95 + 0.8374 

Pco, (kPa) | 
Umbilical artery 7.68 + 1.27 
Umbilical vein 6.66 + 1.27 

Base excess ~ l 
Umbilical artery . — 6.42 + 3.45- 
Umbilical vein —5.74 + 3.01 


) | IUGR group _ 2 
_ `, With decelerations 






Without decelerations 


Control group 
(n = 8) >: = l 





7.22 + 0.06 7.25 + 0.06 
7.3] + 0.07 7.31 + 0.05 
2.29 + 0.55 2.81 + 0.76 
3.96 + 0.56 4.66 + 1.09 ` 
7.08 + 0.83 7.30 + 1.30 
5.89 + 0.31 5.92 + 0.90 

— 7.00 + 3.05 — 4.89 + 3.38 

5.73 + 2.99 -4.01 + 2.01 





*Group with decelerations versus control group: p < 0.05. 


_ {Group with decelerations versus group without decelerations: p< 0.005. 


Group with decelerations versus control group: p < 0.005. 


Table IV. — of Po, values of IUGR 
fetuses with decelerations and control fetuses 
with umbilical-artery pH values in-the same 
range (mean + SD) | 

IUGR group with Control group 
decelerations (n = 17) (n = 25) 


7.20 < umbilical artery|7.20 < umbilical artery 
pH < 7.28 “pH < 7.28 















9.69 + 0.64* 
4.9] + 0.90* 


1.55 + 0.38 ` 
3.27 + 0.56 


Umbilical artery 
Umbilical vein 


*p < 0.005. 


_sheep in which the endometrial caruncles have been- 


removed also confirm the relationship between growth 
retardation, and chronic hypoxemia.'' The fetus can 
tolerate moderate hypoxia,.in part by a reduction in 
oxygen consumption.” On the other hand, raised he- 
matocrit and increased oxygen extraction” are other 
compensatory mechanisms that occur when oxygen de- 
livery decreases. The mechanisms and pathways un- 
derlying reduction in heart rate variation still remain 
obscure. Suppression of the activity of medullary cen- 
ters by endogenous opiates, such as B-endorphin, is one 
of the possibilities to which attention has recently been 
drawn.” - $ 

Estimating the respiratory status of the fetus in utero 
by means of the acid-base status at cesarean section has 
to be done very cautiously. The effects of anesthesia 
and surgical intervention must not be underestimated, 
yet the differences in Po, found in this study were so 
profound that we predict they will be confirmed if pre- 
cise assessment of the antenatal respiratory status in the 
human is performed. With the rapid development of 
the umbilical cord blood sampling technique, under 
ultrasound ‘guidance, this will be possible in the very 
near future. 


Table V. Comparison of blood gas values of 
IUGR fetuses, with lower and higher heart rate 
variability; cutoff point root mean square of 

8 msec (mean + SD) 


Root mean square <8 | Root mean square >8. 
(n = 21) (n = 12) 


pH > i : 
Umbilical artery 7.23 + 0.04 7.23 + 0.06 
Umbilical vein — ` 7.28 + 0.04 7.31 + 0.06 

Po, . ` Pr : 
Umbilical artery 1.65 + 0.49 2.11 + 0.60* 
Umbilical vein — 3.24 + 0.64 3.81 + 0.61* 

PCO, ` Se. He 
Umbilical artery 7.91 + 0.83 7.03 + 0.92* 
Umbilical vein 6.57 + 0.73 5.87 + 0.56* 

Base excess 
Umbilical artery —5.48 + 3.08 — 6.96 + 3.44 
Umbilical vein —5.04 + 2.55 —6.84 + 4.3] 
*p < 0.05. 


The increased mean heart rate in IUGR fetuses with 
late decelerations has, to our knowledge, not been de- 
scribed before. As the number of accelerations is re- 
duced, it must be concluded that the increase in mean 
heart rate is due to an increase in baseline heart rate. 
Intrapartum tachycardia is, however, a well-known 
phenomencn of fetal compromise, and Dalton et al." 
have reported higher basal fetal heart rates in hyper- 
tensive pregnancies. In the control fetuses mean heart 
rate did not decrease during the third trimester (Ta- 
ble IL). This has been shown before and can be ex- 
plained by an increase of heart rate accelerations (num- 
ber and size) with ee age, with a simultaneous 
fall.in basal heart rate.® : 

In growth-retarded fetal — mean heart rates 
were also reported to be higher in the basal condition 
than those of control animals, probably because of the 
increased levels of catecholamines.’ These findings 
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suggest that the fetus adapts to chronic compromise by 
making changes in the cardiovascular system. One 


mechanism of adaptation is that of an increase of the ~ 


basal heart rate. 

In control fetuses the mean percentage of time fetal 
movements were present was consistent throughout the 
last trimester. No decline in mean activity. was noted at 
the end of pregnancy. The normal range of fetal activity 
was wide, with a marked increase in range after 36 
weeks of gestation, probably because .of the ‘devel- 
opment of behavioral states.'° The fifth percentile 
of: movement incidence was, however, rather stable. 
Therefore a well-chosen cutoff point in the normal fetal 
movement incidence might be of clinical value in the 
detection of the fetus at risk. In most IUGR fetuses 
without late heart rate decelerations the movement in- 
cidence was within the normal range. In IUGR fetuses 
with decelerations the quantity of motor output was 
reduced. However, approximately 30% of these fetuses 
had a movement incidence within the normal range. 
This implies that while à marked reduction-of move- 
ments is a sinister sign, a quantitatively normal motor 
output does not guarantee- fetal well-being. The re- 
duction of fetal movements in growth retardation has 
also been reported by other investigators, mostly using 
nonimaging methods.'” Chronic hypoxemia might ac- 
count for this reduction of fetal activity.: The intermit- 
tent occurrence of acute hypoxemia ‘is another possi- 
bility, since it has been reported that superimposed 
acute hypoxemic events, as indicated by late heart 
rate decelerations, abolish or reduce fetal body move- 
ments in the human fetus.’ In fetal sheep acute experi- 
mental hypoxia also reduces fetal trunk and limb 
movements.'* "9 ; 

From the present study it can be concluded that in 
IUGR fetuses reductions in heart rate variation and 


motility occur before the development of acidemia 


and that these changes are associated with late heart 
rate decelerations and fetal hypoxemia. In general a 
growth-retarded fetus will’ be-found to have normal 
heart rate and motility pattern. It is not growth retar- 
dation that is detected by these assessment tech- 
niques but presumably the effects of chronic fetal hy- 
poxemia. as i 


We are most grateful for the critical reading and 
many suggestions made by Prof.Dr. H. J. Huisjes and 
Dr. M. J. O’Brien.. Furthermore our thanks are due to 
Y. L. Lems for making the illustrations. > 
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Transabdominal chorionic villus sampling: A freehand 


ultrasound- guided technique 


B. Brambati, M. D., A. Oldrini, M.D., and A. Lanzani, M.D. 


Milan, I a 


A simple transabdominal chorionic villus sampling method, carried out with a 20-gauge spinal needle 
under ultrasound guidance, was evaluated in 100 cases selected for genetic evaluation in the first 
trimester. Its use was limited to the management of anatomic ani clinical conditions that contraindicated 
transcervical aspiration. The high: efficacy of the method was ‘demonstrated by an ability to obtain’ enough 
villus tissue for karyotyping in- all but one case. In 94% of the cases, only one pass of the needle was 
required. Although the only complication observed was light bleeding in four cases, the safety of the 
method needs more extensive ‘evaluation. (Am J OBSTET GYNECOL 1987;157:134-7.) ` i 


Key words: Chorion biopsy, anndan — J—— 


The ability to detect fetal genetic diseases by chori- 
onic tissue analysis has resulted in a great number of 
sampling methods. Four main approaches are being 
used. In three of them, the catheter,' biopsy forceps,” 
or endoscope’ is inserted via the’cervical canal; in the 
fourth method, the aspiration is done by transabdom- 
inal puncture.’ Most experience has been accumulated 
with transcervical catheter (Trophocań, Portex Inc., 
Wilmington,” Maine) . aspiration, ‘a méthod that has 
proved to be highly efficient and relatively safe. | 

Some anatomic and Clinical conditions have been reċ- 


ognized as being unfayorable for. safé and successful ' 


transcervical sampling; therefore the feasibility of a 
simple transabdominal ultrasound-guided~ chorionic 
villus sampling (CVS) method has been evaluated and 
is described in this article. i i 


Patients 


The 100 cases in the present series were selected for 
transabdominal CVS because of absolute or relative 
contraindications to the transcervical route (Table I). 
CVS was performed at 8, 9, 10, 11, 12, 13, and 14 weeks 
in 4, 31, 30, 26, 6, 2, 1 cases, respectively. Maternal age 
was more than 35 years in 77% of the cases. The in- 
dication for first-trimester diagnosis was chromosome 
determination in 96 cases, metabolic disease in one case, 
fetal sex determination for X-linked disease in two 
cases, and deoxyribonucleic acid analysis: for hemo- 
philia A in one case. The placenta was anterior in 66% 
of cases and posterior in the remaining 34%. 
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Table I. Conditions of absolute or relative 


contraindication to transcervical aspiration, in 


which a transabdominal sampling should 
be advised 





- Vaginismus* 
Vaginilis* 
. Inaccessible cervical canal* 
Pronounced angle ‘of uterine corpus on or 
Multiple pregnancyt . 
=12 weeks of gestation} 
Previous failure of transcervical samplings 





| ` # Absolute. 
tRelative. 


Methods 


A freehand aspiration was achieved through the ma- 
ternal abdominal wall with a 20-gauge, 90 mm spinal 
needle with sector scan guidance at 5 MHz (Sigma 180, 
Kontron | Instruments Inc., Everett; Massachusetts) 
(Fig. 1, A). The placenta was identified and its depth 
calculated. A compromise was made between the ex- 
tension and thickness of the placenta and ‘its distance 
from the maternal wall. Bladder emptying or filling was 
sometimes required to obtain a more favorable position 
of the uterus. The.skin was sterilized with topical ap- 
plication of povidone iodine and the aréa draped in a 
sterile fashion. Because the transducer was 5 to 10 cm 
away from the insertion site, a nonsterilely dressed per- 
son could hold the scanner; neither sterile gloves nor 
sterile contact gel was needed. The needle was intro- 
duced under continuous ultrasonic surveillance with- 
out local.administration of anesthetics. When the tip 
was clearly visible within the placenta (Fig. 1, B and C); 
the stylet was replaced by a 20 ml Luer-Lok syringe 
containing 3 ml of Henk’s solution. The chorionic tissue 
was then aspirated By combining repeated Se SUC- 
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Fig. 1. Diagram of transabdominal chorion biopsy by 20-gauge spinal needle under ultrasound 
guidance (A). Ultrasound monitor shows needle (arrow) sampling chorionic villi in two cases at 10 


weeks (B) and 9 weeks (C) with an anterior and a posterior placenta, respectively. 


tions (equivalent to about 20 ml depression) and a slow 
backward-and-forward movement of the needle lip. 
No more than two needle insertions were performed. 
Neither premedication nor postsampling care was 
required, 


Results 

We failed to obtain chorionic tissue in six of the 100 
cases with the first attempt, but tissue was obtained in 
these cases with a second insertion performed during 
the same session. The failures were apparently not re- 
lated to the gestational age or to the placental location. 
The majority, five out of six cases, occurred in the first 
30 cases, and the difficulties most likely represented 
inadequate technical experience. In a twin pregnancy 
with two separate placentas, chorionic tissue was easily 
obtained by cervical aspiration from one placenta, but 
the second placenta, located far from the internal cer- 
vical os, could be sampled only through the abdominal 
wall. 

The distribution of the weight of villus tissue ob- 
tained with a single aspiration is reported in Table II. 
For comparison, the villus weight distribution of 200 
cases of transcervical aspiration is provided, Although 
the ranges of the weight distribution are quite similar 
for both techniques, the transabdominal aspirations 
more frequently produced samples of <5 mg, whereas 
the transcervical samples were frequently =50 mg. The 
samples of <5 mg were more frequently obtained from 
anterior (14/66) than from posterior (2/34) placentas. 


Five pregnancies were terminated by elective abor- 
tion (Table IHI); in three, a fetal aneuploidy was di- 
agnosed by direct karyotyping,” and two fetuses at risk 
for X-linked disease were male. No fetal losses were 
observed at the time of writing in the 95 continuing 
pregnancies; 68% of these are currently more than 20 
weeks of gestation. In four cases, bleeding or spotting 
was reported after CVS. Delivery has occurred in 17 
cases; all were at term with birth weights between the 
tenth and ninetieth percentiles. 


Comment 

Although the experience reported in large series 
seems conclusive with respect to the efficacy of the var- 
ious chorionic villus sampling techniques,’ no reliable 
clinical trials comparing the different approaches are 
yet available. While randomized trials between trans- 
cervical and transabdominal aspiration are awaited,’ it 
is of practical interest to evaluate the suitability of the 
transabdominal puncture method in conditions unfa- 
vorable for the transcervical approach. In addition, we 
wanted to explore means of reducing the invasiveness 
and relative complexity of transabdominal sampling, as 
previously described." * 

The new sampling procedure was highly successful, 
without regard to the placental location or gestational 
age. An overall success rate of 99% was obtained; a 
second puncture was required in only 6% of cases. Al- 
though the weight distribution of the aspirated speci- 
mens points to a shift toward smaller samples, in 95% 
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Table II. Weight distribution of chorionic tissue specimens obtained by transabdominal or transcervical 


aspiration methods 


% Specimens obtained according to weight 


Chorionic villus 
sampling method 


20-gauge spinal needle 3: 
Trophocan | 16 


5-10 mg 21-50 mg 51-100 mg >100 mg 
17 35 9 


19 27 2? 
15 45 22 l 





Table III. Clinical data of 100 consecutive 
chorionic villus sampling cases obtained by a 
transabdominal aspiration 





Total No. of cases 100 
Twin pregnancies l 
Successful sampling 100 

At first aspiration 94 
Selective abortion 5 
Concluded pregnancies 17 
Early complications 

Bleeding l 

Spotting 3 
Fetal loss 0) 





of the last 40 cases, the amount of chorionic tissue ob- 
tained by a single insertion exceeded 10 mg. By this 
method it is possible, with two needle insertions, to 
provide a sufficient amount of tissue for successful de- 
oxyribonucleic acid analysis in complicated diagnostic 
conditions. In only one case was fetal karyotyping not 
possible because of insufficient villi. 

The success of sampling was dependent on reliable 
needle tip detection and obtaining an adequate course 
through the placental substance. In fact, with poor ul- 
trasound visualization, one may fail to enter the pla- 
centa, or, if the needle is placed in too thin a portion 
of the placenta, inadequate movement of the tip pre- 
cludes the aspiration of a sufficient sample. 

Transabdominal CVS, as carried out in the present 
experience, has some advantages when compared with 
the previously described technique, in which a fixed 
biopsy guide attachment and a 17- or 18-gauge guide 
needle are used." * First, by reducing the size of the 
sampling device, one would expect to observe beneficial 
effects on the complication rate. A Canadian study on 
amniocentesis demonstrated a significantly lower inci- 
dence of fetal loss and maternal complications when a 
20-gauge needle was used rather than a larger one.’ 
Second, although a transabdominal freehand sampling 
method may be more difficult to learn than the needle- 
guided method and certainly requires coordinated 
teamwork," '' it allows an easier adjustment of the nee- 
dle direction when necessitated by involuntary abdom- 
inal wall or uterine displacements. 

In our experience with first-trimester fetal diagnosis, 
transabdominal sampling was primarily introduced as 
a technique to complement transcervical aspiration ide- 


ally to achieve a higher sampling success rate, reduce 
the need for a second transcervical insertion, and re- 
duce complications. For the most part, these objectives 
seem to have been attained. In the second part of our 
transabdominal experience, having achieved adequate 
skill by combining transcervical and transabdominal as- 
piration, we obtained a sampling success rate of vir- 
tually 100% in a variety of anatomic and clinical con- 
ditions. A special advantage of the combined use of 
the two techniques should be evident in cases of mul- 
tiple pregnancy, where placentas can be reliably sam- 
pled independent of their anatomic relationship. 

In conclusion, although in our hands transcervical 
aspiration was confirmed to be the method of choice” 
in clinical practice, the benefit of the transabdominal 
approach for optimizing the sampling success rate and 
reducing procedural difficulties was clearly demon- 
strated. Moreover, the transabdominal method de- 
scribed has the same advantages that have been pre- 
viously reported."* In addition, the thinner needle and 
freehand ultrasound guidance of the sampling system 
make it easier to perform with a potentially lower risk 
for maternal and fetal complications. 


We gratefully acknowledge Dr. Angela Scioscia who 
made helpful comments during the preparation of this 
article and Dr. G. Simoni, Dr. L. Dalpra, and Dr. 
S. Guerneri for their cooperation in this investigation. 
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The immediate effects of chorionic villus sampling on 


fetal movements 


A. Boogert, M.D., A. Mantingh, M.D., and G. H. A. Visser, M.D., Ph.D. 


Groningen, The Netherlands 


The immediate effects of chorionic villus sampling on the fetus was studied by real-time ultrasound 
observation of fetal movements. Thirty-minute recordings, directly before and after chorionic villus 
sampling, were made in 10 women. No changes were observed in the incidence or distribution of the four 
movement patterns studied. This held true even in the two cases that ended in a spontaneous abortion. It 
is concluded that chorionic villus sampling does not stimulate movements or alter the intrauterine situation 
in such a way that fetal movements decrease. (Am J OBSTET GYNECOL 1987;157:137-9.) 


Key words: Chorionic villus sampling, real-time ultrasound, fetal movements, first trimester 


of pregnancy 


Chorionic villus sampling has become an increasingly 
popular technique for early prenatal diagnosis. More 
than 10,000 investigations have been performed world- 
wide to date.' So far the fetal consequences of this pro- 
cedure have been assessed in terms of the abortion rate, 
fetal growth as observed via serial ultrasound, and peri- 
natal outcome.” With real-time ultrasound equipment, 
distinct patterns of fetal behavior have been described 
from 7 weeks of gestation onward.’ We attempted to 
determine the acute effects of this invasive diagnostic 
procedure on fetal motor behavior by means of two 30- 
minute observations taken immediately before and af- 
ter chorionic villus sampling. 


Patients and methods 


Ten multiparous women were selected at random 
from those referred for chorionic villus sampling. After 
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receiving a detailed explanation of the investigation, 
they agreed to take part in the study. 

Continuous real-time ultrasound images were ob- 
tained and recorded on videotape for 30 minutes im- 
mediately before and 30 minutes directly after chori- 
onic villus sampling with an Aloka SSD-256, which was 
equipped with a 3.5 MHz linear array transducer. The 
fetuses were usually visualized in the mid- or parasag- 
ittal longitudinal section. The analysis of fetal motility 
was carried out during playback of the video recordings 
in the presence of an independent observer to minimize 
bias and reduce interobserver error. The incidence and 
duration of the different movements were marked 
on an event recorder (model 7754a, Hewlett-Packard, 
Palo Alto, Calif.) by a handheld push buttons. General 
movements, startles, hiccups, and breathing move- 
ments were analyzed according to the criteria described 
by de Vries et al.’ General movements were expressed 
as a percentage of the time they were present; the other 
movements were simply counted. In case the recording 
time differed slightly from 30 minutes, the incidence 
of movements was normalized by conversion to 30 min- 
utes. The results were analyzed by the Wilcoxon signed 
rank test. 
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Fig. 1. Compressed actogram of general fetal movements before and after chorionic villus biopsy 


(CVB) in the 10 cases. 


Table I. Clinical data on the 10 women, as well as the incidence (percentage of time or number per 30 


minutes) of fetal movements before and after chorionic villus sampling 








General movements 
(% of time) 







Duration of 
pregnancy 
(wk and days) 










I8 8 I8 39 41 





Startles 
(n) 


Breathing 
movements (n) 






Hiccups 









| 37 10 25 24 3e 51 
9 36 11+" 24 97 | | 0) 2 0 | 
3 38 gr! 98 95 5 10 () () () 2 
4 4] 9* 15 20 11 13 9 35 1] 
5 26 10°! 2() 17 4 9 4 0 1 11 
6 38 9* 93 94 8 8 | () 0) | 
7 38 qr 21 94 9 7 9 () 10 10 
8 39 9 20 22 5 3 () 0 11 2] 
9 36 9 20) 19 19 8 10 0 94 33 
10 40 117 27 19 7 |] 29 11 | 9 
Mean 37 107! 99.3 21.4 7.7 7.9 7.6 5.4 12.6 15.0 
Results 


Chorionic villus sampling was performed with a tro- 
phoblast aspiration catheter (Trophocan), which was 
introduced transcervically under ultrasound guidance. 
A maximum of three aspirations per session were car- 


ried out to obtain approximately 20 mg net weight of 


good quality villi for analysis. No anesthetic agents or 
maternal sedation was used. The perineum, vagina, 
and cervix were thoroughly cleansed with povidine 10- 
dine solution before the procedure was begun. 


The study population comprised part of the first 100 
diagnostic chorionic villus samplings carried out in our 
department. The overall abortion rate in this series was 
3%, with successful sampling in 96 patients and suc- 
cessful karyotyping in 95 patients. Interestingly, two of 
the three patients who aborted spontaneously after cho- 
rionic villus sampling were part of the study population 
(cases | and 10, Table 1). In the latter case the gesta- 
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tional sac was accidentally ruptured during the pro- 
cedure. The results of the procedure were otherwise 
unremarkable. A mean weight of 36 mg of chorionic 
villi was obtained after an average of 1.7 aspirations 
between 9 and 12 weeks of gestation. No abnormal 
karyotypes were found in the series. 

The statistical analyses of fetal movements before 
and after chorionic villus sampling did not show sig- 
nificant differences for all four modalities analyzed 
(Table 1). In the two cases ending in a spontaneous 
abortion (7 and 14 days after chorionic villus sampling), 
no significant change was noted immediately after the 
procedure, although there was a tendency toward re- 
duced general movements in these fetuses. 

The actogram of general fetal movements is dis- 
played in Fig. 1, which shows a high overall incidence 
of movements both before and after chorionic villus 
sampling. It also shows that the incidence of general 
movements directly after chorionic villus sampling was 
the same as at the end of the second 30-minute re- 
cording. 


Comment 


The only other study on the immediate effects of 
chorionic villus sampling on the fetus to date was con- 
ducted by Löfberg et al., who describe transient fetal 
bradycardia during direct-vision sampling by means of 
the extra-amniotic instillation of 150 ml of physiologic 
saline. This effect appears to be the result of a rise in 
intrauterine pressure and consequently is not relevant 
to our study, 

Fetal movements can be observed from 7 weeks’ post- 
menstrual age.’ There is an early emergence of specific 
movement patterns; at 16 weeks 15 distinct patterns 
are already present, which closely resemble those ob- 
served in preterm and term newborn infants. When 
the different movement patterns are rank ordered ac- 
cording to their first appearance, a specific sequence 
emerges. It has been demonstrated that in embryos and 
fetuses of type | diabetic women, there is a delay of 
about 1 week in the first occurrence of these move- 
ments, except for breathing.’ Furthermore, it appears 
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that in anencephalic fetuses, movement patterns are 
(already) qualitatively abnormal in the first half of 
pregnancy.” 

In Fig. 1 the compressed actogram of general move- 
ments shows that there is already a high base rate of 
spontaneous fetal movements at 9 to 11 weeks. With 
respect to these and the other movements studied, the 
data show that chorionic villus sampling does not stim- 
ulate movements or alter the intrauterine situation in 
such a way as to decrease fetal movements. The latter 
is known to occur in threatened abortions.” In the two 
cases of a subsequent spontaneous abortion, the inci- 
dence of general movements but not the other move- 
ments studied was slightly decreased after chorionic 
villus sampling. However, more data are required to 
determine the significance of this finding. 


We are most grateful to Dr. E. J. H. Mulder for tech- 
nical assistance and to Ms. Y. Lems for preparing the 
illustration, 
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Influence of the menstrual cycle on glucose tolerance and 


insulin secretion 


Enzo Bonora, M.D., Ivana Zavaroni, M.D., Orsola Alpi, M.D., Antonio Pezzarossa, M.D., 
Elisabetta Dall’Aglio, M.D., Carlo Coscelli, M.D., and Ugo Butturini, M.D. 


Parma, Italy 


To evaluate the impact of the menstrual cycle on glucose tolerance and insulin secretion, in the present 
study we have measured the plasma concentrations of glucose, insulin, and C-peptide during a 2-hour oral 
glucose tolerance test in 110 healthy, nonobese, regularly menstruating women. Fifty-five women were in 
the follicular phase, and 55 were in the luteal phase of the cycle. The two groups were well matched for 
age and body weight. Plasma concentrations of glucose, insulin, and C-peptide either in the fasting state 
or after the oral glucose load did not differ in the two groups. These results suggest that in nondiabetic 
women the menstrual cycle has no major effect on glucose tolerance and insulin secretion and that the 
phase of the menstrual cycle should not be considered in programming and interpreting an oral glucose 


tolerance test. (Am J Osstet GYNECOL 1987;157:140-1.) 


Key words: Menstrual cycle, oral glucose tolerance test, glucose, insulin, C-peptide 


Several hormones, particularly steroids, affect car- 
bohydrate metabolism, and plasma concentration of 
some of these hormones changes during the menstrual 
cycle. Nevertheless, in its recommendations about the 
ways to perform an oral glucose tolerance test, the Na- 
tional Diabetes Data Group’ did not give instructions 
about the period of the menstrual cycle in which to 
carry out an oral glucose tolerance test in ferule women. 
This probably depends on the discrepancies found in 
studying the influence of the phases of the menstrual 
cycle on carbohydrate metabolism.”” 

Since the previous studies have been performed in 
small series of subjects or without considering the con- 
founding effect of obesity, concomitant diseases, drug 
consumption, and glucose intolerance, we have com- 
pared plasma levels of glucose, insulin, and C-peptide 
during an oral glucose tolerance test in two large groups 
of nonobese, nondiabetic, healthy women in the follic- 
ular or luteal phase of the menstrual cycle. 


Material and methods 


The study population consisted of 110 nonobese 
(body mass index < 27 kg/m*), regularly menstruating 
women. Fifty-five women were in the follicular phase 
(days 5 to 10 of the cycle), and 55 were in the luteal 
phase (days 20 to 25 of the cycle). The two groups 
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Table I. Plasma concentrations of glucose, 
insulin, and C-peptide during a 2-hour oral 
glucose tolerance test in women in the 
follicular or luteal phase of the menstrual 


cycle (mean + SEM) 
Follicular Luteal 


Glucose (mg/dl) 


Fasting 8l +1 8i+ | 

l-hr 87 + 4 86 + 3 

2-hr 77.2 T) 74 +9 
Insulin (U/ml) 

Fasting 5 + | 3+ 1 

l-hr 66 + 6 68 + 8 

2-hr 43 +3 43 + 4 
C-peptide (pmol/ml) 

Fasting 0.56 + 0.04 0.62 + 0.03 

I-hr 1.90 + 0.09 1.97 + 0.10 

2-hr 1.75 + 0.08 1.64 + 0.08 





were similar in age (37 + 5 versus 36 + 5 years) 
(mean + SD) and body weight (body mass index of 
23 + 2 versus 23 + 2 kg/m*), The women were am- 
bulatory volunteers in good general health with no first- 
degree relatives with diabetes, negative history of im- 
portant diseases, normal physical examination, normal 
blood tests, normal glucose tolerance, and did not take 
any drug. They underwent a standard 75 gm oral glu- 
cose tolerance test, with blood samples at fasting, 1, and 
2 hours after glucose ingestion for the determination 
of plasma glucose (glucose-oxidase enzymatic method) 
and insulin.“ In a subset of 44 women, 22 in the follic- 
ular phase and 22 in the luteal phase, plasma C-peptide 
concentrations were also measured.” Also these two 
groups were similar in age (36 + 4 versus 36 + 4 years) 
and body weight (body mass index of 23 + 2 versus 
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23 + 2 kg/m’). Student’s ¢ test for unpaired data was 
used for statistical analysis of the results. 


Results 


Plasma glucose, insulin, and C-peptide concentra- 
tions at fasting and after oral glucose load in women 
in the follicular or luteal phase of the menstrual cycle 
are reported in Table I. No significant differences were 
found in the variables examined. 


Comment 


Regarding the influence of the menstrual cycle on 
glucose tolerance, our results are in agreement with 
those by Spellacy et al.’ and Cudworth and Veevers' 
as well as with those recently reported by Reid et al.* 
but are in contrast with those by Jarrett and Graver" 
and Peppler et al.’ However, Jarrett and Graver? ex- 
amined a small series of 10 women in various phases 
of the menstrual cycle, and Peppler et al.’ did not take 
into account the confounding effect of obesity, con- 
comitant diseases, drug consumption, or glucose intol- 
erance. On the other hand, our results are consistent 
with those. by Yki-Jarvinen,” who demonstrated that 
insulin sensitivity does not change during the menstrual 
cycle, and with those by Pedersen et al.,'" who showed 
that in human adipocytes insulin binding to its recep- 
tors, basal and insulin-stimulated glucose transport, 
glucose oxidation, and lipogenesis do not differ in 
women in the follicular or luteal phase of the menstrual 
cycle, 

Regarding the influence of the menstrual cycle on 
plasma insulin levels, our results are in agreement with 
those by Spellacy et al.’ and Cudworth and Veevers,' 
who measured plasma insulin levels after intravenous 
and oral glucose load in different phases of the men- 
strual cycle in 19 and 20 women, respectively. In our 
study, plasma C-peptide concentrations were also mea- 
sured during oral glucose tolerance test to confirm that 
the B-cell secretion rate and not only the peripheral 
insulin levels do not change during the menstrual cycle. 
Indeed, there are clinical situations in which plasma 
insulin and C-peptide levels at fasting and/or after oral 
glucose load are not unanimously different from nor- 
mal. This is because of a difference in the metabolism 
rather than in the secretion of insulin.''' 

In the present study we have included only nonobese 
woman. Thus, one might hypothesize that the men- 
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strual cycle affects glucose tolerance and/or insulin se- 
cretion in obese women, To address this issue, we are 
now carrying out a large study on obese nondiabetic 
woman in the follicular or luteal phase of the menstrual 
cycle. The preliminary results of this study also suggest 
that in the presence of obesity the menstrual cycle does 
not significantly affect glucose tolerance and/or insulin 
secretion. 

In conclusion, our results indicate that in nondiabetic 
women glucose tolerance and insulin secretion do not 
change during the menstrual cycle, and the phase of 
the menstrual cycle is not to be considered in program- 
ming and interpreting an oral glucose tolerance test. 
Further studies are needed to elucidate whether the 
menstrual cycle has a different impact on plasma glu- 
cose levels and/or insulin secretion in the presence of 
impaired glucose tolerance or overt diabetes. 
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Proopiomelanocortin-related peptides and 
methionine enkephalin in human follicular fluid: Changes 


during the menstrual cycle 


Felice Petraglia, M.D., Generoso Di Meo, M.D., Rita Storchi, M.D., Alberto Segre, M.D., 
Fabio Facchinetti, M.D., Stephen Szalay, M.D., Annibale Volpe, M.D., 


and Andrea R. Genazzani, M.D. 
Modena, Italy, and Klagenfurt, Austria 


Several studies indicate the presence of different pituitary hormones or neuropeptides in ovarian follicular 
fluid from various species. Recently our group showed that the ovarian follicular fluid of healthy women 
contains two of the endogenous opioid peptides, B-endorphin and methionine enkephalin, in 
concentrations that are tenfold to twentyfold higher than in circulating plasma. The presence of 
immunoreactive B-lipotropin was also shown. The aim of the present study was to evaluate whether 
adrenocorticotropic hormone, which in pituitary cells is synthesized from proopiomelanocortin such as 
B-endorphin and B-lipotropin, is also present in follicular fluid and the possible changes of 
proopiomelanocortin-related peptides during the menstrual cycle. Concentrations of B-endorphin, 
methionine enkephalin, adrenocorticotropic hormone, and £-lipotropin were measured in 60 heatihy 
menstruating women at different periods of the menstrual cycle (20 during the follicular, 22 in the 
preovulatory days, and 18 during the luteal phase). Thirteen women participated in an in vitro fertilization 
program and thus received clomiphene citrate (100 mg/day from the fifth to the ninth day) plus 5000 IU 
human chorionic gonadotropin before starting the program. All samples were collected at laparoscopy 
under general anesthesia. In another eight patients fluid was collected from follicular cysts. Peptides were 
extracted on octadodecasily! silica columns with 80% methanol in 0.5 mol/L acetic acid. The identity of 
follicular fluid B-endorphin, methionine enkephalin, adrenocorticotropic hormone, and B-lipotropin and 
standard peptides was demonstrated with high-pressure liquid chromatography. Peptide concentrations 
were measured in extracts by radioimmunoassays either directly by (methionine enkephalin and 
adrenocorticotropic hormone) or after (B-endorphin and B-lipotropin) gel filtration on Sephadex G-75. The 
concentrations of methionine enkephalin, adrenocorticotropic hormone, and B-lipotropin were similar in the 
different periods of the cycle. Conversely, B-endorphin concentrations were significantly higher in 
preovulatory days than in the other periods; no differences were evident between spontaneous and 
stimulated cycles. These results indicate that proopiomelanocortin-related peptides are present in the 
follicular fluid and that B-endorphin concentrations change during the menstrual cycle, with the highest 
values occurring in the preovulatory follicle. (Am J OasteT GYNECOL 1987;157:142-6.) 


Key words: Proopiomelanocortin, methionine enkephalin, B-lipotropin, B-endorphin, 


menstrual cycle 


In the past few years, various peptide hormones have 
been localized in ovarian tissues and Huids of different 
species. The follicular fluid of healthy menstruating 
women has been found to contain large amounts of 
luteinizing hormone and prolactin, which show signif- 
icant changes throughout the menstrual cycle.' Im- 
munoreactive oxytocin and vasopressin have been 
identified in the extracts of the human ovary.” Immu- 
nohistochemical findings from the sheep ovary localize 
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oxytocin in corpora lutea,* and in vivo studies indicated 
that its secretion is stimulated by prostaglandins.' More- 
over the presence of immunoreactive B-endorphin and 
immunoreactive adrenocorticotropic hormone have 
been demonstrated in sheep follicular fluid.” Sheep,’ 
mouse, and rat’ ovarian homogenates contain im- 
munoreactive B-endorphin, with cells staining posi- 
tively for immunoreactive B-endorphin in the corpora 
lutea” ’ or in follicular cells.” More recently, our group 
reported that human follicular fluid contains high 
amounts of immunoreactive B-endorphin and another 
endogenous opioid peptide, methionine enkephalin.” 
Both of these opioids are also detectable in the 
peritoneal fluid, where changes in immunoreactive 
B-endorphin are related to changes in progesterone 
concentrations.” The presence of immunoreactive 
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B-lipotropin has also been shown in eluates from Seph- 
adex G-75 chromatography of follicular and peritoneal 
fluids." 

The aim of the present study was to evaluate the 
possible presence of immunoreactive adrenocortico- 
tropic hormone in human follicular fluid, since this 
peptide is synthesized in proopiomelanocortin,’ the 
precursor molecule common to B-endorphin and 
B-lipotropin. The changes in the follicular fluid con- 
centrations of immunoreactive B-endorphin, immu- 
noreactive methionine enkephalin, immunoreactive 
adrenocorticotropic hormone, and immunoreactive 
B-lipotropin were measured in the spontaneous men- 
strual cycle. Moreover, we evaluated peptide concen- 
trations in the follicular fluid in conditions of max- 
imally activated ovarian function, that is, in super- 
ovulating women. 


Material and methods 


Subjects. Sixty healthy menstruating women (21 to 
35 years old) were recruited for the present study. All 
patients underwent laparoscopy for tubal steriliza- 
tion (n = 16), for diagnosis of tubal sterility (n = 31), 
or for the in vitro fertilization and embryo transfer 
program (n = 13). 

Subjects were selected on the basis of their regular 
menstrual cycle (28 + 2 days). Follicular fluids were 
collected in 20 subjects during the follicular phase, in 
22 during the preovulatory days (—2/—1 day before 
ovulation), and in the remaining 18 subjects during the 
luteal period. The estradiol to androstenedione ratio 
was measured in all follicular fluids. It ranged from 
0.04 to 1.1 in the follicular phase, from 12 to 56 in the 
preovulatory period, from 1.4 to 33 in the luteal phase, 
and from 9.2 to 86 in the superovulated follicles. 

The occurrence of ovulation was monitored during 
the previous and the current cycle by echographic eval- 
uation of the follicular development (twice a day in 
those participating in the in vitro fertilization and em- 
bryo transfer) and the measurement of basal body 
temperature. Plasma estradiol, progesterone, follicle- 
stimulating hormone, and luteinizing hormone levels 
were measured every 3 days (daily in the women un- 
dergoing the in vitro fertilization program). No subject 
received drugs for at least 6 months; patients partici- 
pating in the in vitro fertilization and embryo transfer 
program received clomiphene citrate (Clomid) (100 
mg/day for 5 days) (Lepetot, Milan, Italy) from the fifth 
day of the cycle and human chorionic gonadotropin 
(Profasi hp 5000) (5000 IU, intramuscularly) (Serono, 
Rome, Italy) was given on the preovulatory day. Four 
of the 13 patients became pregnant. 

Laparoscopy was performed under general anesthe- 
sia, and follicular fluid was aspirated from the graafian 
follicle through a special needle. Immediately after 


collection of the sample, aprotinin (1000 Kallikrein 
IU/ml) (Bayer, Leverkusen, Switzerland) was added to 
the follicular fluid to reduce proteolytic activity; the 
sample was then centrifuged (3500 rpm x 15 min) and 
supernatant was stored at — 20° C until assays. In eight 
additional subjects (30 to 39 years), the fluid contained 
in the asymptomatic follicular cysts (5 to 8 cm diameter) 
was aspirated and processed as previously reported. 
Extraction and chromatography. Each sample was 
submitted to a peptide extraction procedure by loading 
on an octadodecasilyl silica column (Sep-Pak, Waters 
Associates, Milford, Mass.) previously primed with 
methanol (Carlo Erba, Milan, Italy) and peptone (BDH 
Chemicals, Poole, England). The peptides were eluted 
with 80% methanol in 0.5 mol/L acetic acid, dried with 
a Speed-vac concentrator (Savant, Hicksville, N.Y.), and 
reconstituted in 0.8 ml of 0.12 mol/L phosphate buf- 
fer, pH 7.4. Before measurement of immunoreactive 
B-endorphin, immunoreactive methionine enkephalin, 
immunoreactive adrenocorticotropic hormone, and 
immunoreactive B-lipotropin in each extract, their 
presence and identity with respective reference pep- 
tides were demonstrated by high-pressure liquid chro- 
matography. Aliquots of follicular fluid from 10 dif- 
ferent subjects were pooled, extracted, dried, redis- 
solved in 300 wl of the high-pressure liquid 
chromatography initial eluent, and underwent chro- 
matography. The high-pressure liquid chromatogra- 
phy system (Waters Associates) consisted of two 6000A 
pumps, a UK6 injector valve, a 660 gradient program- 
mer, and a 440 ultraviolet detector set at 254 nm. A 
uBondapak C-18 column was eluted from 75:25 to 
60:40 of 0.01 mol/L of hydrochloric acid/acetonitrile 
over a 15-minute period at a 11.5 ml/min flow rate. 
Fractions were collected every 15 seconds and checked 
for the presence of the immunoreactive peptides. 
Radioimmunoassays. The concentrations of adre- 
nocorticotropic hormone and methionine enkephalin 
in each single sample were measured by direct ra- 
dioimmunoassay of the extracts, whereas levels of 
B-endorphin and £-lipotropin were determined after 
the chromatographic separation on a Sephadex G-75 
column (45 x 1.5 cm) to avoid cross-reactions in 
the radioimmunoassay procedures.” All measurements 
were made in duplicate at two different dilutions. 
B-Endorphin. Synthetic B-endorphin (Organon, Oss, 
Netherlands) (B-lipotropin 61-91) was used to prepare 
the standard curve and as tracer after iodine 125 la- 
beling (chloramine T method). The anti—C-terminal 
B-endorphin serum (supplied by Professor C. H. Li, 
San Francisco, Calif.) was used at a final dilution of 
1:30,000. It fully recognized human f-endorphin, 
cross reacted 97% with human B-lipotropin, and 2% 
with a-endorphin and y-endorphin. No cross-reactivity 
occurred with methionine enkephalin, adrenocortico- 
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tropic hormone, leucine enkephalin, or B-lipotropin. 
The incubation procedures are reported elsewhere.” 
The sensitivity of the radioimmunoassay was 1.5 
fmol/tube; the intra-assay coefficient of variation was 
7.3% + 1.5%. 

Methionine enkephalin. Synthetic methionine en- 
kephalin and anti—methionine enkephalin serum were 
provided by UCB Bioproducts SA (Brussels, Bel- 
gium). The standard peptide was labeled with iodine 
125 by the lodogen method. The antiserum (used at a 
final dilution of 1:25,000) did not cross react with 
leucine enkephalin, methionine enkephalin arginine 
phenylalanine, methionine enkephalin arginine gly- 
cine leucine, human or camel B-endorphin, B- or 
a-lipotropin, a-melanocyte—stimulating hormone, or 
adrenocorticotropic hormone in a molar excess. The 
detailed procedures were previously reported.” Sensi- 
tivity of the radioimmunoassay was 5 {mol/tube; intra- 
assay coefficient of variation was 5.5% + 1.0%. 

Adrenocorticotropic hormone. All materials were 
provided by the National Institute of Arthritis, Dia- 
betes, and Digestive and Kidney Diseases (Bethesda, 
Md.). Synthetic adrenocorticotropic hormone was la- 
beled with iodine 125 by the chloramine T method. 
The antiserum (West) was raised against porcine ad- 
renocorticotropic hormone and did not recognizes 
B- or a-lipotropin, B-endorphin, or methionine en- 
kephalin. It was used at the final dilution of 1: 18,000. 
The details are reported elsewhere.' The assay sensi- 
tivity was 2.0 fmol/tube; the intra-assay coefficient of 
variation was 8.2% + 1.3%. 

B-Lipotropin. Human 6-lipotropin and the anti- 
human 6-lipotropin serum were kindly provided by 
Professor C. H. Li. The standard peptide was labeled 
by use of the chloramine T method. The antiserum 
recognized the N-terminal portion of the B-lipotropin 
and cross reacted fully with y-lipotropin while it did 
not recognize B-endorphin, adrenocorticotropic hor- 
mone, a-melanocyte—stimulating hormone, leucine 
enkephalin, or methionine enkephalin. Details on the 
procedures of the radioimmunoassay were previously 
reported.” The assay sensitivity was 1.0 fmol/tube; the 
intra-assay coefficient of variation was 7.5% + 1.0%. 

Statistical analysis. All the results were corrected for 
the recovery loss and expressed as femtomoles per mil- 
liliter. The statistical comparison among the groups of 
the patients was performed by analysis of the variance 
followed by the Duncan test for multiple comparison, 


Results 


The presence of immunoreactive B-endorphin, im- 
munoreactive methionine enkephalin, immunoreactive 
adrenocorticotropic hormone, and immunoreactive 
B-lipotropin and their identity with reference mole- 
cules were demonstrated in the follicular fluid ex- 
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tracts through high-pressure liquid chromatography. 
Immunoreactive peptides elute with the same re- 
tention time as reference ones. The elution profiles 
of immunoreactive B-endorphin and immunoreactive 
B-lipotropin were not different among the samples of 
follicular fluid collected at the various periods of the 
menstrual cycle. 

Concentrations of immunoreactive B-endorphin in 
the follicular fluid collected on the preovulatory days 
(405 + 167 fmol/ml, mean + SE; n = 9) were signif- 
icantly higher than levels found in fluid collected dur- 
ing the follicular (61.3 + 48.6; n = 20) and the luteal 
(83.9 + 47.5; n = 18) phases of the menstrual cycle 
(Fig. 1). B-Endorphin concentrations in the follicular 
fluid of superovulating patients (447 + 39; n = 13) 
were higher than those observed in patients during the 
follicular or luteal phases while falling in a similar 
range to those measured in preovulatory follicles 
(Fig. 1). Concentrations of immunoreactive methio- 
nine enkephalin, adrenocorticotropic hormone, and 
B-lipotropin (Fig. 1) did not show significant differ- 
ences throughout the menstrual cycle. No correlations 
were found between hormone concentrations and suc- 
cessful fertilization in the subject undergoing the in 
vitro fertilization program. 


Comment 


This study confirms the presence of B-endorphin, 
methionine enkephalin, and B-lipotropin in human 
follicular fuid” and shows that adrenocorticotropic hor- 
mone also is detectable in this compartment. Interest- 
ingly, high concentrations of proopiomelanocortn- 
related peptides were found in the human ovarian fol- 
licular fluid, which is in agreement with data obtained 
in sheep.’ During the preovulatory days B-endorphin 
levels are higher than in samples collected during 
the follicular and luteal periods. However, these 
changes are not accompanied by a similar pattern of 
8-lipotropin and adrenocorticotropic hormone, whose 
levels remain constant throughout the menstrual cycle. 

Circulating proopiomelanocortin-related peptides 
are released in a concomitant fashion in basal condi- 
tions and after physiologic or pharmacologic stimuli." 
The differences found in their follicular fluid changes 
through the menstrual cycle could imply a different 
proopiomelanocortin processing within the ovary. 
However, the possibility cannot be excluded that dif- 
ferences between B-endorphin, adrenocorticotropic 
hormone, and B-lipotropin concentrations in the fol- 
licular fluid originate as a result of different proteolytic 
activity. In fact, recent evidence indicates that the en- 
zymatic processing of proopiomelanocortin in rat ova- 
ries may be more extensive than in the pituitary gland, 
giving rise to the highest contents of B-endorphin.’ The 
positive gradient existing between follicular and plasma 
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Fig. 1. Follicular fluid concentrations (mean + 
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standard error) of the four peptides in the different 


phases of the normal menstrual cycle (follicular, n = 20; preovulatory, n = 9; and luteal, n = 18) 
and in preovulatory follicles obtained from 13 superovulating patients. (Asterisk = p < 0.01 versus 


follicular and luteal phases.) 


concentrations suggests the local production of the pep- 
tides found herein. Indeed, many reports indicate that 
both testes” and ovaries™ contain and could synthe- 
size proopiomelanocortin-related peptides and methio- 
nine enkephalin. Recently, cells positively staining for 
B-endorphin have been described in follicles and cor- 
pora lutea of human ovaries." The expression of the 
proopiomelanocortin gene in rat granulosa cells and 
the increase of ovarian messenger ribonucleic acid 
after gonadotropin treatment are further evidence 
that proopiomelanocortin-related peptides may be in- 
volved in gonadal function." The present finding that 
B-endorphin concentrations in spontaneously or phar- 


macologically induced preovulatory follicles are higher 
than in other phases of the cycle suggests a linkage 
between ovulation and ovarian opioids. Accordingly, 
rat’ and sheep’ follicles contain the highest peptide con- 
centration at estrus. However, the biologic significance 
of ovarian B-endorphin changes still requires clarifi- 
cation, since no correlation was found between follic- 
ular B-endorphin and successful in vitro fertilization 
and embryo transfer. 

Other reports also suggest that methionine enkeph- 
alin and adrenocorticotropic hormone may play a role 
in modulating ovarian steroid secretion. Nanomolar 
concentrations of methionine enkephalin enhance the 
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follicle-stimulating hormone—dependent progesterone 
secretion from cultured granulosa cells,'* while adre- 
nocorticotropic hormone inhibits rat ovarian steroido- 
genesis.” 

In conclusion, these data first report the presence of 
adrenocorticotropic hormone in human follicular fluid 
and indicate that among proopiomelanocortin-related 
peptides, only B-endorphin shows relevant changes 
during the menstrual cycle. 
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Acute abdomen caused by placenta percreta in the 


second trimester 


G. Emily Archer, M.D., and Lesley A. Furlong, M.D. 


Boston, Massachusetts 


A woman with a history of “in utero” diethylstilbestrol exposure but no prior uterine surgery presented with 
an acute abdomen at 21 weeks’ gestation. She had hemoperitoneum associated with placenta percreta. 


(Am J Osstet GYNECOL 1987;157:146-7.) 


Key words: Placenta percreta, second trimester, acute abdomen 


The case diagnosis of an acute abdomen is no- 
toriously difficult in pregnancy. When evaluating the 
pregnant patient, the clinician must add pregnancy- 
related complications to the usual differential diagnosis 
of abdominal pain. The following case illustrates an 
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unusual cause of acute abdomen in the second trimester 
of pregnancy. 


Case report 

A 32-year-old, gravida 3, para 2, black woman was 
hospitalized at 21 weeks’ gestation because of abdom- 
inal pain. Her history included diethylstilbestrol ex- 
posure in utero, a right ovarian cystectomy 14 years 
previously, and two uncomplicated vaginal deliveries at 
term. She had never had uterine surgery. She was first 
seen at 9 weeks for a routine prenatal visit. Findings 
were normal except for a hemoglobin of 11 gm/dl. At 
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Fig. 1. The uterus as it appeared during operation. Arrows mark the bleeding site. In A, a prominent 
vascular pattern is seen at the fundus. A clamp is on the left round ligament. B is a close-up of the 


fundus showing the abnormal vascularity and the bleeding site. 


11 weeks she reported fluid leakage; rupture of the 
membranes could not be detected on examination. At 
12 weeks she began spotting. An ultrasound showed a 
viable pregnancy and confirmed dates. Because a rou- 
tine maternal serum a-fetoprotein level was elevated, 
she underwent a second ultrasound with amniocentesis. 
The amniotic fluid a-fetoprotein and chromosomes 
were normal (46, XX). The placenta was described as 
right lateral anterior, and the myometrium was some- 
what thicker on the left than on the right. 

On the day of admission, the patient awakened at 
5 AM with right upper-quadrant pain. She was trans- 
ferred to our hospital with the provisional diagnosis of 
viral gastroenteritis or abruptio placentae. On admis- 
sion at 10 AM, she had stable vital signs. The fetal heart 
rate was between 150 and 160 bpm. The uterus was 
diffusely tender, particularly over the right fundus. 
There was no vaginal bleeding. Mild contractions were 
occurring every 3 minutes, but the cervix was closed. 
The hematocrit was 28%; other laboratory tests were 
normal. She had a resolving upper respiratory infection 
with a cough. 

By 12 pm, the pain was pleuritic and above the uterus. 
The cervix was unchanged despite continued contrac- 
tions. A chest x-ray film was negative. An ultrasono- 
gram showed free fluid under the diaphragm, and the 
myometrium in the fundus was extremely thin. By 
6 pM, the patient developed an acute abdomen. Al- 
though vital signs were stable, the hematocrit was only 
20%. She underwent emergency laparotomy. 

The abdomen was filled with blood. The uterine fun- 
dus had a reddish purple hue and was traversed by 
large subserosal vessels. There was slow but persistent 
oozing from a bleeding site in the midfundus ( Fig. 1). 
We performed a total abdominal hysterectomy. The 
patient received 7 units of blood during operation. She 
went home on the fifth postoperative day, and her re- 
covery has been uneventful, 

Pathologic examination confirmed a placenta per- 


creta. The cornua were not involved. The female fetus 
was normal and weighed 350 gm. 


Comment 

Placenta percreta is an unusual complication of preg- 
nancy, and our case involved an unusual presentation 
of placenta percreta. Most cases of placenta accreta are 
diagnosed in the third trimester. There is often an as- 
sociated uterine factor, such as previous cesarean sec- 
tion (25%), uterine curettage (30%), or manual removal 
of the placenta (10%), or an associated placental factor, 
such as placenta previa (34%) or cornual implantation.’ 
There was also a disproportionate number of women 
who are grand multiparas and women over age 35 in 
Fox's large series.' Our patient had none of the above 
risk factors. We found one similar report in the English 
literature of a patient with intra-abdominal hemor- 
rhage caused by placenta percreta at roughly the same 
gestational age.” She also had none of the above risk 
factors except grand multiparity. The association in our 
case with diethylsulbestrol exposure is intriguing but 
may be coincidental. We were unable to find any pre- 
vious reports of an association between placenta per- 
creta and diethylstilbestrol exposure, 

In retrospect the diagnosis should not have surprised 
us. The ultrasound examinations and clinical course 
were quite consistent with the final diagnosis. However, 
it was only during operation that we considered pla- 
centa percreta. We hope that our case will help others 
consider this unusual diagnosis more readily, 
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Prescription drug use before and during pregnancy in a 


Medicaid population 


Joyce M. Piper, Dr.P.H., Carlene Baum, Ph.D., and Dianne L. Kennedy, R.Ph., M.P.H. 


Rockville, Maryland 


This study describes prescription drug use before and during pregnancy and is based on data obtained 
from the paid Medicaid claims of 18,886 Michigan women aged 15 to 44 years who were delivered of a 
live infant. Rates of exposure to drugs within 15 therapeutic categories are presented for each of five 
90-day periods preceding delivery. Overall dispensed drug use (excluding vitamins) decreased during 
pregnancy; however, there was still substantial exposure to drugs including drugs that are contraindicated 
during pregnancy. During the gestational period, study mothers received an average of 3.1 prescriptions 
for nonvitamin drugs. Black mothers received more exposure to drugs other than vitamins than did white 
mothers. Black mothers had higher rates of exposure to analgesics, ampicillin, codeine, and vaginal 
preparations. Similarities between black and white mothers in the use of vitamins with and without other 
drugs suggest there is no racial difference in attaining prenatal care within the Medicaid system, but that 
black mothers may have more medical problems that warrant the use of other medications in addition to 
vitamins during pregnancy. (Am J Osster GYNECOL 1987;157:148-56.) 


Key words: Drug use; medical assistance, title 19; pregnancy; prenatal care 


Current recommendations are that drug use should 
be avoided by pregnant women and that only those 
drugs necessary for the health of the mother be given 
during pregnancy.’ Any drug prescribed during preg- 
nancy needs to be evaluated for the potential benefits 
and risks to both mother and fetus. Although numer- 
ous studies have been published on drug use in preg- 
nancy in the 1960s and 1970s, little is known about the 
extent to which drugs are being prescribed for use in 
pregnancy in the 1980s. Findings from these earlier 
prospective studies on drug use in pregnancy are sum- 
marized in Table 1.2 '' The purpose of this study is to 
describe drug use in the 15-month period preceding 
the delivery of a live-born infant in a population of 
Medicaid recipients with the use of a computerized rec- 
ord system originally created for medical reimburse- 
ment purposes. Such a system offers longitudinal data 
on large numbers of patients in a more cost-efficient 
manner than do the more traditional prospective study 
designs. The completeness of drug exposure data in 
these systems depends on the extent to which drugs 
are purchased outside the system, the extent to which 
providers submit billing claims for the drugs, and the 
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use of over-the-counter products that may or may not 
be captured by the systems. In this study, we have as- 
sumed that there is sufficient economic incentive for 
Medicaid recipients to obtain all their prescriptions 
within the system and for providers to submit claims 
for all the drugs dispensed. 


Methods 


Medicaid claims data. The data presented in this 
paper are derived from all paid Medicaid claims for 
Michigan women aged 15 to 44 years (age in 1982) who 
were delivered of a live infant in a hospital between 
April 1, 1981, and March 31, 1983. Michigan has a 
highly developed Medicaid Management Information 
System in which all health care services covered by Med- 
icaid are recorded in detail. The system contains the 
basic demographic data of age, race, and sex on each 
Medicaid recipient. Drugs dispensed by pharmacies 
and clinics (but not to hospital inpatients) are recorded 
together with patient identification code, date dis- 
pensed, medication strength, and number of units dis- 
pensed. Care provided by physicians, hospitals, out- 
patient clinics, and nursing homes is recorded by pa- 
tient identification code, provider identification code, 
date of service, and diagnosis according to the Ninth 
International Classification of Disease—Clinical Modi- 
fication scheme.” 

Study group selection and definitions. Date of birth 
was defined as the first date of an inpatient diagnosis 
indicating a live birth. Since the Medicaid data base 
contains no information regarding when each preg- 
nancy began, such as the date of the last menstrual 
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Table I. Review of prospective studies of drug use in pregnancy 


: ie No. of ° i dJe 
Population and time period Duration of follow-up 


Mean No. of drugs used 
in pregnancy 





Members of Kaiser Foundation Health — 3,072 3 mo before last menstrual 3.6% 
Plan; 1960-1961? period to birth — 

Patients at Columbia Presbyterian Medi- 3,200 First trimester 1.07 (first trimester only) 
‘cal Center, 1953-1957° ate 1 

Patients at Baylor Univ. and Univ. Wisc. 240 Diagnosis of pregnancy to 5:4" 
affiliates, NS! birth 

Private obstetric patients, Rochester, 67 Last trimester 4.5* 

- New York, NS? 

Participants in the Collaborative Perina- 50,282 Diagnosis of pregnancy to 3.8 
tal Study, 12 U. S. ee clinics, birth 
1959-1965° . 

` Residents of Malmo, Sweden, 6,376 Dagne of pregnancy to 5.4 

- 1963-19657 birth l 

Patients at Univ. Florida, 1974-1976? 168 First trimester to birth 11.0* 

Tennessee Medicaid recipients, 2,528 15 mo prior to delivery to 2l 
-1975-1976° birth 

Patients at Memorial Hosp. Med. Ctr., 153 Diagnosis of pregnancy to - 1:24 
California, 1973! birth ; 

Members of Group Cooperative health 6,837 9 mo preceding live birth Not calculable 


plan, 1977-1979" 





*Includes vitamins and minerals. 
+Calculated from data presented. 


period, the date when pregnancy began could be es- 
timated only by counting back from the date of birth. 
For this estimation, a gestational length of 270 days was 
used. Drug exposures are presented in terms of three 
90-day trimesters of pregnancy and two 90- -day periods 
of “prepregnancy.” 

The study group was limited to women with inpatient 
delivery codes indicating delivery of a live infant from 
April 1, 1981, to March 31, 1983, and at least 15 months 
of available history prior to the delivery. Women were 
excluded if they were delivered of a stillborn infant 
(since the length of gestation tends to be shorter in these 
pregnancies), if they had an induced or spontaneous 
abortion in the 6-month “prepregnancy” interval (since 
these would not accurately reflect nonpregnant expo- 
sures), and if they had any inpatient Medicaid claim 
during the 15-month interval before delivery (since the 
data base does not contain ae drug exposure 
data). 

Drugs were grouped by therapeutic classes and 
chemical ingredients were assigned according’ to the 
Drug Products Information File (April 1986 version), 
which allows for grouping into therapeutic classes at 
the American Hospital ——— Service Index Ther- 
apeutic Category level." 

Statistical methods. To test for differences in the 
distribution of attributes between groups, we used the 
x” test. To examine the effect of maternal age upon 
overall (that is, across trimester) drug use by therapeu- 
tic drug class, we calculated the x? for linear regression 
(Armitage trend test) in the proportion of exposures 
in each 5-year age group on the midpoint of the age 


group. To adjust for age differences between white 
and black patients, we used the direct method of ad- 
Justment and standardized to the 1982 Michigan vital 
Statistics. 


Results. 


Selection of the study cohort. Of the 57,244 women 
who were delivered of a live infant during the study 
period, 28,758 women. had a Medicaid claim paid 15 
months or.more prior to the index birth. Women who 
had an inpatient hospital admission during the 15 
months prior to the index delivery (n = 8948) were 
eliminated from the study group as.were women 
(n = 924) who had an induced or spontaneous abor- 
tion during the 6 months prior to the index pregnancy. 
The net result was a study group of 18,886 women who 
were Medicaid eligible during their pregnancy and the 
six “prepregnant” months preceding it and for whom 
we could obtain complete dispensed drug exposure 
data. 

Demographic characteristics of the study group. 
The demographic characteristics of the study popula- 
tion are shown in Table II. Although there was no 
difference in the mean maternal age for white and black 
mothers, there was a significant difference in the 5-year 
age distribution of white and black mothers (x? = 97.0, 
p < 0.0001). Higher percentages of black mothers than 
white mothers were 15 to 19 years of age at the time 
of the index delivery (20.1% versus 15.8%) and were 
30 years old and older at the time of the index delivery 
(14.2% versus 12.0%). 

Mothers residing in urban areas, defined as standard 
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Table II. Age group and racial characteristics of study population (Michigan Medicaid Data, ADR d 1, 
1981, to March 31, ee 











Other Unknown 


Age group 


15-19 1,658 15.8 1,544 20.1 122 20.1 17 12.0 3,341 17.7 


20-24 4,949 47.3 3,190 41.6 239 39.4 67 47.5 8,445 44.7 
25-29 2,599 24.8 1,849 24.1 142 23.4 35 24.8 4,625 24.5 ° 
30-34 943 9.0 807 . 10.5 7] 11.7 14 9.9 1,835 9.7 
35-39 262 20 231 3.0 27 4.4 5 3.5 525 2.8 
40-44 52 0.5 54 0.7 6 1.0 3 2.1 115 0.6 
Total ` 10,463 55.4 7,675 | 40.6 607 3.2 141 0.7 18,886 100.0 





metropolitan statistical.areas according to the 1980 
United. States Bureau of the Census, made up 83.6% 
of the study population. 

Overall drug use. About 80% of the study group 
(n = 15,094) received at least one nonvitamin prescrip- 
tion during the 15 months preceding the delivery 
(mean number of prescriptions for those with at least 
one prescription = 6.7). The remainder received ei- 
ther no Medicaid-reimbursed prescriptions (n = 2238) 
or only vitamins (n = 1554). There was both an, in- 
creased, likelihood of the use of all drugs other than 
vitamins with. increased maternal age (x? trend = 
64.54, p'< 0.001) and an increased likelihood of the 
use of vitamins (see the section on vitamin use) with 
increased maternal age (x? trend = 9.19, p = 0. 001). 
Racial differences in overall drug use are discussed 1 in 
a separate section. 

For the 270 days preceding the estimated date of 
birth, the entire study group received an average of 5.5 
prescriptions per woman. If vitamins are excluded, 
study mothers received an average of 3.1 prescriptions 
during pregnancy. Among those having prescriptions 
filled during the gestational period, 10% received 13 
or more prescriptions and about 1% received 30 or 
more prescriptions. Among those woinen who had at 
least one prescription, the average number of prescrip- 
tions (including vitamins) filled by trimester dropped 
steadily from 3.9 prescriptions from 450 to 361 days 
before the estimated date of birth to 3.0 prescriptions 
in the last trimester of pregnancy. The average number 
of nonvitamin prescriptions fell from 2.5 to 1.1 in the 
same time period. 

Drug use by trimester and therapeutic category. 
Fig. 1 shows rates of drug use per 1000 women by 
“trimester” for each therapeutic category. Not shown 
because exposure rates were below 2/1000 in any 
trimester are the antineoplastic agents, the diagnostic 
agents, enzymes, local anesthetics, oxytocics, and se- 
rums; toxoids, and vaccines. The low exposure rates in 
these- categories reflect how the study group wasse- 
lected and the fact that the data are limited to drugs 
used in an outpatient environment. 


Drug. exposures were lower during the: estimated 
270-day pregnancy period for 10 of the 15 therapeutic 
classes shown in Fig. 1. Blood formation and coagu- 
lation agents (including antianemic drugs such as iron 
preparations), skin and mucous membrane drugs (in- 
cluding vaginal antifungals and: antibiotics), and vita- 
mins, were used more frequently during pregnancy. 
Exposure to gastrointestinal drugs (including anti- 
emetics) also increased, most notably in the first trimes- 
ter of pregnancy. Use of cardiovascular drugs, which 
include B-adrenergic receptor blockers but not diuret- 
ics, increased in the last trimester of pregnancy and was 
probably related to treatment of hypertensive disease 
of pregnancy and cardiac arrhythmias. . 

Vitamin use. Sixty-nine percent of the mothers re- 
ceived at least one prescription for vitamins during the 
270 days preceding the estimated. date of birth. Shown 
in Fig. 1, roughly 3% of the study group had a billing 
for vitamins in the “prepregnant” period. In the first 
trimester of pregnancy this figure rose to 33%. By the 
second trimester of pregnancy more than half of the 
mothers received at least one prescription for vitamins. 
The last trimester of pregnancy saw no growth in the 
rate of vitamin use. : 

Rates of exposure to the chemical ingredients of 
dispensed drugs. Since the record system allows for 
the assignment of specific chemical ingredients for each 
drug product, it is possible to examine rates of exposure 
to the chemical ingredients of dispensed drugs (for 
example, a woman given Darvocet-N 50 would be 
counted as exposed to both acetaminophen and pro- 
poxyphene napsylate). In Table III, these rates (ex- 
cluding vitamins and minerals) are presented in de- 
scending order of their overall rate and for each of 
the five 90-day periods before the estimated date of 
birth. 

Ampicillin, the most frequent chemical constituent 
of dispensed drugs (excluding vitamiins and minerals) 
during the entire 15-month period, was used by 26% 
of the cohort. About one quarter of the women in our 
study group were given a codeine-containing prescrip- 
tion during the 15-month perion; these women re- 
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` Fig. 1. Rate of drug use per 1000 women for medications in designated therapeutic categories during 
each of two trimesters prior to the estimated date of conception and the three trimesters of pregnancy. 
Note that different ordinate scales are used (Michigan Medicaid live delivery data, April 1, 1981, 


to March 31, 1983). 


ceived an average of 2.4 prescriptions, for codeine- 
containing products. Roughly 3% of codeine users had 
10 or more prescriptions filled for codeine. Codeine 
use decreased by more than 50% by the end of preg- 


nancy but was still the fourth most common drug ex- 


posure during the last trimester of pregnancy. Codeine 
is a “hidden” ingredient in many cough and cold prep- 


arations, which may partially explain its high ranking. . 


Such wide use in pregnancy is not surprising since co-. | 


deine is the second most common chemical constituent 


in dispensed drugs in the general population.'® Docu- 


sate sodium, used by 25% of the women overall, was 
the most common exposure ‘during the 270 days pre- 


ceding the estimated date of delivery. Most women were ~ 
exposed to docusate in vitamin preparations (85%); the ~ 


remainder were given other docusate-containing prod- 


ucts. As-would be expected, ingredients found in oral 
contraceptives showed a dramatic drop as pregnancy 
was recognized. However, some women apparently 
continued to have oral contraceptive prescriptions filled 
during. pregnancy. Doxylamine (the active ingredient 
found in the antinauseant Bendectin) showed the ex- 
pected peak in the first trimester of pregnancy. with 
gradual tapering as pregnancy progressed. Drugs used - 
to treat vaginal infections increased in use with preg- 
nancy reflecting the well-recognized increase in vaginal 


- yeast infections occurring during pregnancy. The use 


of hydrocortisone also increased somewhat as preg- 
nancy progressed. Tetracycline and doxycycline (both 
of which are contraindicated during pregnancy) de- 
creased in use as pregnancy was recognized but they 
did continue to be used. The urinary antibacterial 
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Table III. Exposure rates by trimester for chemical constituents of all dispensed drugs (excluding 
vitamins) for those chemical constituents with an overall usage rate of 20/1000 women (Michigan 


Medicaid data, April 1, 1981, to March 31, 1983) 


Exposure rates per 1000 women by time before estimated date of birth 


Chemical constituent 


450-361 360-271 270-181 180-91 90-0 
Overall days days days days days 
62 58 66 77 


Ampicillin 263 84 
Codeine 256 105 91 68 50 45 
Docusate sodium 253 8 7 108 167 158 
Acetaminophen 184 74 66 45 3] 30 
Ethinyl estradiol 17] 140 92 27 3 2 
Norethindrone 167 138 9] 26 3 2 
Miconazole nitrate 150 25 22 35 46 57 
Erythromycin 148 46 39 31 27 25 
Penicillin V 138 40 38 29 27 27 
Pseudoephedrine 128 50 4] 28 21 15 
Aspirin 113 5] 43 29 15 1] 
Doxylamine 112 2 2 8] 39 15 
Mestranol 103 87 56 14 2 J 
Phenylpropanolamine 100 38 30 22 20 15 
Aminacrine 87 20 18 22 23 20 
Phenylephrine 87 35 25 19 14 10 
Phenacetin* 86 40 33 21 11 8 
Amoxicillin 85 19 17 19 19 23 
Cephalexin 82 23 22 19 15 19 
Chlorpheniramine 8] 3] 25 17 16 12 
Sulfanilamide 80 19 17 20 19 17 
Promethazine 79 27 2] 18 14 I] 
Diphenhydramine 79 25 24 19 18 17 
Metronidazole 77 24 21 11 12 17 
Norgestrel 76 62 40 I} ] ] 
Hydrocortisone 73 20 17 13 16 19 
Sulfamethoxazole 69 24 23 15 8 6 
Triprolidine 68 22 19 15 13 11 
Neomycin 67 21 15 12 12 14 
Tetracycline 67 29 28 14 4 2 
Clotrimazole 65 14 13 15 14 18 
Guaifenesin 63 23 19 13 I] 10 


*Estimates of phenacetin exposure may be artifictally high because of the many product reformations that occurred during 


the late 1970s and early 1980s. 


nitrofurantoin increased in use with pregnancy de- 
spite the fact that the manufacturer’s package insert 
(Norwich-Eaton) carries a warning against use of the 
drug at term because of the risk of hemolytic anemia 
in the infant. 

Racial differences in drug use. For all drugs other 
than vitamins, black mothers were more likely to have 
had a drug claim during the 15 months prior to delivery 
than were white mothers (82% versus 79%, x? = 20.94, 
p < 0.001) or mothers of other racial minorities (82% 
versus 74%, x? = 20.51, p < 0.001). 

Differences between white and black mothers in the 
use of all dispensed drugs other than vitamins were not 
accounted for by differences in the age distribution of 
the mothers. After age adjustment, the increased use 
of all drugs other than vitamins by black women was 
still evident in each of the five 90-day periods preceding 
the estimated date of delivery (Fig. 2). The difference 


between black and white mothers was greatest in the 
first trimester of pregnancy when 45.4% of the black 
mothers and 37.6% of the white mothers received a 
drug other than vitamins. By the last trimester of preg- 
nancy the difference in exposure to drugs other than 
vitamins had diminished with 41.6% of the black moth- 
ers receiving a drug other than vitamins and 39.6% of 
the white mothers receiving a drug other than vitamins. 

After adjustment for age differences, black mothers 
were less likely than white mothers to have used only 
vitamins (Fig. 3) in the first two trimesters of pregnancy. 
However, this difference between black and white 
mothers disappears when the use of vitamins with or 
without other drugs is examined (Fig. 4). This seems 
to indicate that there are no racial differences in the 
attainment of prenatal care (as indicated by vitamin use) 
within the Medicaid system but that black mothers may 
have more medical problems warranting the use of 
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Exposure rates per 1000 women by time before estimated date of birth 


450-361 

Chemical constituent Overall days 
Trimethoprim 58 
Nystatin 52 14 
Atropine 50 16 
Caffeine 49 21] 
Ipecac 49 16 
Brompheniramine 47 17 
Triamcinolone 44 l4 
Sulfacetamide 44 12 
Polymyxin B 42 13 
Phenobarbital 42 16 
Hyoscyamine 4] 14 
Urea 40 10 
Propoxyphene 40 19 
Isopropamide 39 12 
Lindane 39 10 
Betamethasone 38 1] 
Gualacol potassium sulfonate 37 12 
Gramicidin 36 1] 
Ethynodiol diacetate 33 2i. 
Sulfanilylbenzamide 33 8 
Sulfathiazole 33 8 
Ibuprofen 33 13 
Doxycycline 31 12 
Dexbrompheniramine 30 14 
Scopolamine 30 l1 
Zomepirac 28 8 
Phenazopyridine 28 9 
Hydroxyzine 27 11 
Butalbital 25 9 
Theophylline 24 I 
Hydrochlorothiazide 23 9 
Orphenadrine citrate 23 9 
Chlordiazepoxide 23 10 
Nitrofurantoin Z| 3 
Furosemide 20 9 
Phenyltoloxamine citrate 20 8 


other medications in addition to vitamins in preg- 
nancy. 

Racial differences in exposure to chemical ingre- 
dients of dispensed drugs. Black mothers had 18 dif- 
ferent chemical entities with an exposure rate of =10% 
while white mothers had 12. Black women were ex- 


posed to more analgesic preparations. Overall 22.3% 


of black mothers were exposed to acetaminophen, 
14.4% were exposed to aspirin, and 11.0% were ex- 
posed to phenacetin. In white women, only acetamin- 
ophen had an exposure rate >10%. The overall ex- 
posure rate for ampicillin was higher in black women 
(32.1%) than in white women (22.4%) as was the overall 
exposure rate for codeine (30.8% for black mothers 
versus 22.3% for white mothers). Black mothers had 
much higher exposure rates to vaginal preparations 
than did white mothers. Overall rates of exposure to 
miconazole, aminacrine, metronidazole, and sulfanil- 
amide were all >10% in black women while in white 
women they were <10%. Overall exposure rates to do- 


360-271 270-181 180-9] 90-0 
days days days days 
10 lI 11 13 
15 11 7 6 
19 13 9 6 
13 10 9 7 
14 I] 8 6 
10 10 9 10 
9 10 9 8 
10 7 7 8 
14 1] 6 7 
13 10 5 4 
9 10 8 7 
14 7 4 2 
11 8 8 7 
9 6 8 10 
10 9 10 10 
10 8 6 5 
8 7 6 8 
17 4 ] l 
6 8 7 6 
6 8 i 6 
13 7 2 2 
13 6 2 l 
11 6 3 2 
10 7 3 2 
12 7 3 2 
9 6 4 3 
10 6 3 3 
9 6 4 2 
6 6 5 5 
8 6 3 7 
9 4 2 l 
9 6 2 2 
3 3 6 8 
9 6 3 4 
5 4 3 2 


cusate sodium were similiar for black and white women 
(25.1 versus 25.3). White mothers had greater overall 
exposure rates than black mothers for mestranol 
(10.9% versus 9.7%), erythromycin (16.0% versus 
13.6%), and doxylamine succinate (12.0% versus 
10.2%). 


Comment 


This study looked at drug use in a large group of 
women both before and during pregnancy to infer what 
effect, if any, pregnancy had on drug prescribing. Al- 
though overall drug use (excluding vitamins) did de- 
crease during pregnancy, there was still a substantial 
amount of drug exposure, including exposure to drugs 
such as tetracycline, which is contraindicated during 
pregnancy. Pregnant women were most frequently ex- 
posed to vitamins, antiinfectives, skin and mucous 
membrane drugs (mainly in vaginitis treatments), and 
central nervous system drugs (mainly analgesics). Al- 
though vitamins were the most commonly used drugs 
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Fig. 2. Racial differences in exposure to prescribed drugs other than vitamins adjusted for maternal 
age (Michigan Medicaid live delivery data, April 1, 1981, to March 31, 1983). 


In pregnancy, current data indicate that a substantial 
proportion of women did not receive vitamin supple- 
ments (roughly 30%) and those who did receive them 
did not necessarily get them regularly. We cannot rule 
out the possibility that women may have purchased 
vitamin supplements outside the Medicaid program, 
but economic factors would seem to minimize this prac- 
tice. Drug exposure differed considerably between 
black and white mothers. Black mothers had a higher 
exposure rate to drugs other than vitamins and were 
exposed to a greater number of drug chemicals. Racial 
differences were not seen for vitamin use. 

Several factors must be considered in interpreting 
the results of this study. The population under study 
is a fairly homogeneous one consisting of poor, pre- 
dominantly urban women. Because we required each 
individual have a billing history dating back at least 15 
months prior to the live birth, it is likely that this pop- 
ulation is underrepresented by primiparous women. 
This is because many women become Medicaid eligible 
only after having a first pregnancy and qualifying for 
Aid to Families with Dependent Children. Because we 
required our study group have no hospitalizations in 
the 15 months prior to the delivery, it is likely that: we 
selected a healthier population than we would other- 
wise have, obtained from Medicaid data. 

This study is drawn from a data base generated for 
medical reimbursement purposes so we are not able to 
obtain many data elements that would be available in 
a medical record (for example, cigarette smoking his- 
tory, parity, or any measurement data such as blood 
pressure or laboratory values). In this study, in partic- 
ular, we lack information on the date of the last men- 
strual period, a critical element in determining the ges- 
tational length. Indeed, the information we have, the 
date on the hospital bill for services connected with the 


birth and delivery of a live infant, only approximates 
the actual date of birth. Despite these limitations, we 
see patterns in the use of drugs (for example, in the 
vitamin and gastrointestinal therapeutic categories) 
that are consistent with what one would expect for the 
three trimesters of pregnancy. 

The use of an invariable gestational period of 270 
days fails to take into account the fact that gestational 
length follcws a somewhat skewed normal distribution 
and that a substantial proportion of live births occurs 
outside of the “usual” 259- to 279-day gestational 
length. Vital statistics data (1982) for Michigan indicate 
that 8.9% of all live births for which the date of the last 
menses is reported have gestational lengths of <259 
days and 32.9% have gestational lengths >280 days. 
Thus a substantial amount of misclassification occurs 
between the first trimester of pregnancy and the first 
90-day period prior to pregnancy. For this reason, we 
have generally chosen to report drug usage over the 
five 90-day time periods rather than to dichotomize use 
into categories during pregnancy and before preg- 
nancy. The reader is cautioned that the best use of these 
data is for review of trends across the five different 
time periods. 

Despite these caveats, we believe these data are useful 
because they offer longitudinal prescription drug in- 
formation on a large number of patients in a cost- 
efficient manner. These data do not suffer from the 
bias of patient recall. Because the data are based on 
prescriptions actually filled, this information is one step 
closer to what is actually consumed by the patient than 
what a physician prescribes and records in an outpa- 
tient medical chart. Moreover, the computerization of 
the system has allowed us to link drug products to their 
actual chemical constituents. 

The findings of this study differ in several ways from 
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Fig. 3. Racial differences i in use of vitamins alone adthout any other dispensed medication) adjusted 
for maternal age (Michigan Medicaid live delivery data, April 1, 1981, to March 31, 1983). 
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Fig. 4. Racial differences in use of vitamins with or without the use of other medications adjusted 
for maternal age (Michigan Medicaid live delivery data, April I, 1981, to March 31, 1983). 


other studies regarding drug use in pregnancy (see 
Table I). In our study, the mean number of drugs per 
pregnancy was 3.1 excluding vitamins. This is slightly 
more than the major studies reported in the last decade. 
The most methodologically analogous study to ours is 
the one reported by Brocklebank et al.’ In that study, 
white women were prescribed more systemic medica- 
tion than were black women. No mention was made of 
an adjustment procedure for age differences between 
white and black mothers; such.a procedure may par- 
tially explain the differences between studies. Both 
studies. show that pregnant women are exposed to a 
substantial amount of drugs including drugs that ought 
to be avoided in pregnancy. 

Studies such as this one are important for quantitat- 
ing the amount of dispensed drug exposure that occurs 
in pregnancy and giving practitioners some sense of 
how their own prescribing practices may be viewed. 


Since most drugs have not been evaluated for safety 
during pregnancy and lactation, their potential tera- 
togenic or fetocidal effects are unknown. Many drugs 
slip into use during pregnancy when it is felt that the 
mother could .potentially benefit from the treatment 
and that the drug has been in the marketplace suffi- 
ciently long for a number of nonintentional exposures 
to have occurred. This type of experience can lull cli- 
nicians into a false sense of security especially where 
infrequently used drugs resulting in rare.adverse out- 
comes such as birth defects are concerned. The relative 
rarity of individual birth defects makes any epidemi- 
ologic study of potential drug-induced etiologies most 
difficult to study. The situation is one in which neither 
retrospective nor prospective methodologies are ade- 
quate to rule out all but the most elevated risks. Ex- 
ploration of data bases such as this one hold some hope 
of providing additional epidemiologic experience, par- 
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ticularly if data on the child’s health can be linked to 
drug exposure in the pregnancy. 


We would like to thank Dr. Michelle Shaw and the 
staff of Health Information Design, Incorporated, Ar- 
lington, VA 22209, for their help in the data processing 
and analysis. 
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The effect of oxytocin infusion on the pharmacokinetics of standard intramuscular magnesium sulfate 
therapy was determined in 18 women with preeclampsia; the results were compared with those in seven 
women with preeclampsia who did not receive oxytocin. Oxytocin had no significant effects on the 
maternal serum magnesium and calcium ion concentrations, nor did oxytocin appear to affect the . 
magnesium or calcium concentrations in fetal umbilical cord blood. Urinary excretion of magnesium rose 
21-fold and calcium excretion rose threefold in patients receiving intramuscular magnesium sulfate in both 
the oxytocin and the nonoxytocin groups. Sixty-five percent of the administered magnesium was excreted 
during. the treatment period, again with no significant differences between the oxytocin and the nonoxytocin 
groups. These results indicate that oxytocin does not affect the pharmacokinetics of intramuscular 
magnesium sulfate and no dosage adjustment of magnesium sulfate is required when oxytocin is used to 
induce or augment labor or when it is given during the postpartum period. (AM J OBSTET GYNECOL 


1987;157:156-60.) 
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Magnesium sulfate and oxytocin are frequently used 
as therapeutic agents in the management of preeclamp- 
sia. Although the metabolism of magnesium sulfate has 
been previously described," the effect of oxytocin on 
that metabolism is less certain. Oxytocin, with its anti- 
diuretic effect, could potentially affect the renal excre- 
tion of magnesium. The purpose of this study was to 
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Table I. Comparison of maternal serum and urine levels (mean + SEM) of magnesium and calcium after 
magnesium sulfate treatment in 18 women who received oxytocin versus seven women not requiring 


oxytocin for labor 


Baseline value baseline 

Serum ionized magnesium (mg/dl) i 

Oxytocin 1.66 + 0.04 4.71 + 0.28 284% 

No oxytocin 1.50 + 0.12 4.24 + 0.32 284% 
Serum ionized calcium (mg/dl) 

Oxytocin 9.16 + 0.15 8.63 + 0.14 -6% 

No oxytocin 8.97 + 0.49 3.50 + 0.33 -5% 
Urinary ionized magnesium (mg/hr) | 

Oxytocin 4.33 + 1.11 83.83 + 2.86 21x 

No oxytocin 4.25 + 1.11 91.35 + 2.41 21x 
Urinary ionized calcium (mg/hr) 

Oxytocin 3.56 + 1.11 10.84 + 0.84 3x 

No oxytocin 3.50 + 2.18 19.71 + 0.66 3 X 


Table II. Maternal-fetal magnesium and calcium relationships 





Ratio of cord blood 
to maternal serum 


Magnesium 
Control group (n = 7) 1.60 + 0.12 1.49 + 0.18 1.50 + 0.18 0.94 
Magnesium sulfate 
No oxytocin (n = 7) 4.24 + 0.32 3.80 + 0.34 3.90 + 0.33 0.90 
Oxytocin (n = 18) 4.71 + 0.28 4.20 + 0.24 4.10 + 0.23 0.89 
Calcium | 
Control group (n = 7) 8.96 + 0.42 11.21 + 0.19 11.19 + 0.20 1:25 
Magnesium sulfate , 
No oxytocin (n = 7) 8.50 + 0.33 10.65 + 0.28 10.65 + 0.18 1.25 
Oxytocin (n = 18) 8.63 + 0.14 10.96 + 0.21 . 10.89 + 0.19 1.26 


further delineate the pharmacokinetics of standard in- 
tramuscular magnesium sulfate therapy with and with- 
out concomitant oxytocin infusion. 


Material and methods 


Twenty-five women with preeclampsia who were 
treated with intramuscular magnesium sulfate at Wil- 
ford Hall United States Air Force Medical Center were 
included in this study. A standard magnesium sulfate 
regimen that consisted of a loading dose of 4 gm in- 
travenously and 10 gm intramuscularly was used. This 
was followed by maintenance therapy of 5 gm intra- 
muscularly every 4 hours during labor and for 24 hours 
post partum." Eighteen of these 25 women also re- 
ceived an intravenous oxytocin infusion during the in- 
trapartum period for either induction or augmentation 
of labor and all women received oxytocin as a uterotonic 
agent for 4 to 6 hours post partum. 

Prior to initiation of magnesium sulfate therapy, 
baseline levels of magnesium and calcium were mea- 
sured in maternal serum and urine. During treatment 
serum magnesium and calcium levels were measured 
every 4 hours (trough levels), and urinary levels of mag- 
nesium and calcium were determined hourly. In ad- 
dition, magnesium and calcium levels were measured 


in arterial and venous cord blood collected at de- 
livery. 

The urinary magnesium and calcium levels were de- 
termined by atomic absorption spectrophotometry. Ma- 
ternal and cord blood levels of magnesium and calcium 
were determined with the Dupont Automated Clinical 
Analyzer, which employs a colorimetric reaction to de- 
termine the ion concentration. 

Statistical analysis of data collected was performed 
with the Mann-Whitney and Wilcoxon signed rank sum 
tests where appropriate. 


Results 


Maternal serum levels. Serum magnesium levels rose 
by 284% during intramuscular magnesium sulfate ther- 
apy in women who did and did not require oxytocin 
for augmentation or induction of labor (Table I, 
Fig. 1). Serum calcium levels similarly decreased during 
magnesium sulfate therapy in both the oxytocin and 
the nonoxytocin groups (Table J). | 

Urinary magnesium. Baseline magnesium excretion 
rates were similar (p = NS) in the oxytocin and non- 


_ oxytocin groups (Table I). After initiation of magne- 


sium sulfate therapy, urinary excretion of magnesium 
increased steadily in both groups (oxytocin and non- 
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Fig. 1. Serum magnesium levels in 18 women treated with 
magnesium sulfate who received oxytocin for labor induction 
or augmentation as compared with seven women who received 
only magnesium sulfate. 


oxytocin) for the first 4 hours of therapy, then pla- 
teaued at 88.8 + 2.86 and 91.36 + 2.41 mg/hr, re- 
spectively (Fig. 2). Urinary excretion of magnesium was 
not affected by oxytocin infusion éither during or 
after delivery. The mean magnesiuin excretion rate 
during oxytocin infusion was 91.63 + 4.52 mg/hr ver- 
sus 91.05 + 6:10 mg/hr in these same patients after 
oxytocin was discontinued in the postpartum period. 
The increases in urinary magnesium excretion during 
magnesium sulfate therapy represent a 21-fold rise re- 
gardless of whether oxytocin was being infused. 
During the treatment period, which extended from 
the initiation of magnesium sulfate therapy until 
4 hours after the last intramuscular injection, women 
who required oxytocin for labor excreted 66% + 4% 
of the magnesium administered and those women not 
requiring oxytocin excreted 64% + 4% of the admin- 
istered dose (p = NS). Again no significant difference 
was seen in magnesium ion metabolism as a result of 
the addition of an oxytocin infusion. Fig. 3 illustrates 
the progressive increase in the percent of magnesium 
administered intramuscularly that is excreted in the 
maternal urine. There was no significant difference 
between the oxytocin and the nonoxytocin groups. 
Urinary calcium. Mean urinary calcium excretion 
rates increased threefold during maternal magnesium 
sulfate therapy irrespective of the Concomitant use of 
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Fig. 2. Urinary magnesium excretion rates in 18 women 
treated with magnesium sulfate who received oxytocin for 
induction or augmentation of labor. These women were com- 
pared with seven who were treated with magnesium sulfate 
but did not require oxvtocin during labor. 


intrapartum oxytocin (p = NS, Table I). After initia- 


tion of magnesium sulfate therapy, urinary calcium ex- 


cretion rose steadily for the first 4 hours of treatment 
and then plateaued at 10.8 + 0.84 mg/hr in the oxy- 
tocin group and 10.7 + 0.66 mg/hr in the nonoxytocin 
group (Fig. 4, p = NS). 

Cord blood.. Umbilical arterial and venous magne- 
sium ion concentrations were similar in women who 
were receiving magnesium sulfate with and without 
concomitant oxytocin. The umbilical cord/maternal se- 
rum ratios were also similar in both groups of women 
and their fetuses. Additionally, use of magnesium sul- 
fate with or without oxytocin had no effect on umbilical 
artery or vein/maternal serum calcium ion concentra- 
tion ratios (Table II). 


Comment | 

Magnesium administered parenterally is initially dis- 
tributed into the intravascular compartment. The 
intravascular unbound ion (75%) diffuses irito the 
extravascular-extracellular space, into bone, and across 
the placenta and fetal membranes and into the fetus 
and amniotic fluid. Magnesium is excreted by the ma- 
ternal kidney, which represents the sole route of elim- 
ination." * '? In the kidney, unbound plasma magne- 
sium is filtered by the glomerulus and reabsorbed in 
the tubules. The fraction of magnesium reabsorbed is 
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Fig. 3. Percent of administered magnesium excreted in the 
maternal urine versus time in 18 women who were treated 
with magnesium sulfate for preeclampsia and oxytocin for 
induction or augmentation of labor. These results were com- 
pared with those in seven women who were treated with mag- 
nesium sulfate but did not require oxytocin during labor. 


indirectly proportional to the serum magnesium con- 
centration." The renal magnesium clearance increases 
as the plasma magnesium concentration rises and hence 
a decrease in the glomerular filtration rate will decrease 
magnesium excretion. Similarly, calcium excretion par- 
allels an increase in plasma magnesium levels. This in- 
crease in calcium excretion results from a competition 
between magnesium and calcium for common tubular 
reabsorptive sites. Thus with the increase in urinary 
magnesium loss there is a concomitant loss in urinary 
calcium." 

Although oxytocin is frequently used in women re- 
ceiving magnesium sulfate therapy for preeclampsia, 
its effects on the pharmacokinetics of magnesium sul- 
fate distribution and excretion are uncertain. In ad- 
dition to its uterotonic effects, oxytocin is a potent an- 
tidiuretic and can cause a decrease in free water clear- 
ance and urine output.'*® One could then hypothesize 
that oxytocin might lead to increased concentrations of 
magnesium and calcium in maternal serum and cord 
blood. Magnesium dosage schedules would thus re- 
quire alteration in those patients concurrently receiving 
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Fig. 4. Urinary calcium excretion rates in 18 women treated 
with magnesium sulfate for preeclampsia and who received 
oxytocin for induction or augmentation of labor. These results 
were compared with those of seven women who were treated 
with magnesium sulfate but did not require oxytocin during 
labor. 


oxytocin. However, despite the theoretical mechanisms 
by which oxytocin could affect the excretion of mag- 
nesium, no adjustment in magnesium sulfate dosage 
schedules has been prescribed." 

The magnesium and calcium concentrations in ma- 
ternal serum and urine and fetal cord blood reported 
here are similar to those in previous studies of women 
receiving parenteral magnesium sulfate therapy with- 
out oxytecin.'® The current study demonstrates that 
concurrent oxytocin administration has no significant 
effect on the pharmacokinetics of magnesium sulfate 
therapy. In patients receiving oxytocin compared with 
those not receiving oxytocin, no significant differences 
existed in the rates or amounts of magnesium that were 
excreted throughout the treatment period. In addition, 
there were no significant differences in the average 
maternal serum levels during treatment between pa- 
tients who received oxytocin and those who did not. 
Fetal cord blood levels were also equivalent. 

In conclusion, oxytocin had no significant effect on 
the pharmacokinetics and distribution of magnesium 
and calcium in women who had maintenance of a nor- 
mal urine output. The site of action of oxytocin on the 
kidney, the distal collecting tubules, is distinct and sep- 
arate from the sites of magnesium and calcium reab- 
sorption and appears not to alter its excretion or reab- 
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sorption. No additional changes in dosage schedules or 
monitoring of serum levels are required when oxytocin 
therapy is added in women receiving magnesium sul- 
fate because of preeclampsia. 
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Influence of umbilical vein administration of oxytocin on 
the third stage of labor: A randomized, double-blind, 


placebo-controlled study 


David H. Chestnut, M.D., and Lori L. Wilcox, M.D. 


Towa City, Iowa 


A randomized, double-blind, placebo-controlled study evaluated the influence of umbilical vein administration 
of oxytocin on the third stage of labor. Five minutes after delivery, 37 women received 10 units of oxytocin 
diluted in physiologic saline solution to a total volume of 20 ml; 41 women received 20 ml of saline solution 
alone. There was no significant difference between groups in mean (+ SD) injection—placental expulsion 
interval (9 + 7 versus 10 + 8 minutes). (AM J Osstet GYNECOL 1987;157:160-2.) 


Key words: Oxytocin, placenta, third stage of labor, umbilical vein 


A prolonged third stage of labor may be associated 
with an increase in hemorrhage and/or a need for man- 
ual removal of the placenta. Manual removal, when 
delayed, often mandates the administration of a gen- 
eral anesthetic. Neri et al.' and Golan et al.’ reported 
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the efficacy of umbilical vein administration of oxytocin 
in shortening the third stage. Neither of these studies, 
however, included an appropriate control group. The 
purpose of the present study was to evaluate the influ- 
ence of umbilical vein administration of oxytocin on 
the third stage of labor, with a randomized, double- 
blind, placebo-controlled study design. 


Methods 

The protocol was approved by the institutional re- 
view board for research involving human subjects. Each 
patient gave written consent. The study was limited to 
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Table I. Obstetric history and conduct of labor 


Umbilical vein administration of oxytocin 


Oxytocin Saline 
(N = 37) (N = 41) p Value 





Gravidity 
Primigravid 17 (46%) 21 (51%) NS 
Multigravid 20 (54%) 20 (49%) 
Parity 
Nulliparous 20 (54%) 27 (66%) NS 
Parous 17 (46%) 14 (34%) 
Gestational age (wk)* 40.0 + 1.6 40.0 + 1.3 NS 
Antepartum hemoglobin (gm/dl)* 13.4 + 1.1 13.1 + 1.4 NS 
Oxytocin augmentation of labor 10 (27%) 13 (32%) NS 
Interval between 4 and 10 cm cervical dilatation (hr)* 4.5 + 2.8 4.1 + 2.9 NS 
Duration of second stage (min)* 54 + 47 61 + 53 NS 
Type of delivery 
Spontaneous 29 (78%) 31 (76%) NS 
Low forceps 7 (19%) 9 (22%) 
Midforceps 1 (3%) 1 (2%) 
*Mean + SD. 


women in labor at 236 weeks’ gestation. Criteria for 
exclusion included: (1) uterine scar, (2) multiple ges- 
tation, (3) chorioamnionitis, (4) abruptio placentae, and 
(5) marginal placenta previa or low-lying placenta. Also 
excluded were women who underwent cesarean deliv- 
ery or in whom the placenta separated within 5 minutes 
of delivery. 

Following delivery, the presence of multiple gestation 
was excluded by abdominal palpation. If a patient was 
receiving oxytocin before delivery, the oxytocin was dis- 
continued immediately after delivery. Five minutes af- 
ter delivery (as determined by the 5-minute Apgar 
score bell), if there was no evidence of placental sep- 
aration (that is, change in apparent cord length, vaginal 
bleeding, and/or uterine shape), 20 ml of coded study 
solution was injected into the umbilical vein at the vag- 
inal introitus. A hemostat was placed on the umbilical 
cord just distal to the site of injection so that the solution 
flowed toward the placenta. After injection, a hemostat 
was placed just proximal to the site of injection to pre- 
vent leakage. 

The study solution was freshly prepared by a hospital 
pharmacist according to a table of random numbers 
and was administered in a double-blind manner. One 
group of patients received 10 units of oxytocin (Inve- 
nex Laboratories, Chagrin Falls, Ohio) diluted in phys- 
iologic saline solution to a total volume of 20 ml. The 
other group received 20 ml of saline solution alone. 

The obstetrician avoided traction on the umbilical 
cord until there was evidence of placental separation. 
He/she was allowed to apply suprapubic pressure while 
observing for evidence of placental separation. How- 
ever, he/she performed no other intervention to effect 
placental separation until at least 15 minutes after ad- 
ministration of the study solution. At that time or at 
any time thereafter, manual removal of the placenta 
was performed at his/her discretion. After expulsion 
of the placenta, oxytocin was administered as indicated. 


Statistical analysis was by Student’s ¢ test, Wil- 
coxon test, x’, and Fisher’s exact test as indicated. A 
p value < 0.05 was considered significant. 


Results 


One hundred eighty-four women consented to par- 
ticipate. Fourteen women were excluded because they 
underwent cesarean delivery. Eighty-seven women 
were excluded because the placenta separated spon- 
taneously within 5 minutes of vaginal delivery. Five 
women were excluded because of a violation of the 
protocol. Of the remaining 78 women, 37 women re- 
ceived oxytocin, and 41 women received saline solution 
alone. 

The two groups were similar with regard to maternal 
age, race, socioeconomic status, and weight. Table I 
includes details regarding obstetric history and conduct 
of labor. 

There was no significant difference between groups 
in mean (+ SD) injection-expulsion interval (9 + 7 ver- 
sus 10 + 8 minutes). One woman in the oxytocin group 
and two women in the saline group required manual 
removal of the placenta. There was no significant 
difference between groups in mean (+SD) second- 
day-postpartum hemoglobin level (11.6 + 1.2 versus 
11.5 + 1.4 gm/dl). One woman in the oxytocin group 
and no women in the saline group received a blood 
transfusion. 


Comment 


Golan et al.’ administered 10 units of oxytocin (di- 
luted in 20 ml of saline solution) into the umbilical vein 
in 10 women, each of whom had a retained placenta 
at 30 minutes after delivery. The mean injection- 
expulsion interval was 3.7 minutes. Two of the 10 pa- 
tients required manual exploration of the uterine cavity 
after expulsion of the placenta. Neri et al.’ had earlier 
given 5 units of oxytocin (diluted in 10 ml of saline 
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solution) into the umbilical vein in 330 parturient 
women immediately after delivery. The mean injection- 
expulsion interval was 3.3 minutes; eight patients sub- 
sequently underwent uterine exploration. In the pres- 
ent study, umbilical vein administration of oxytocin was 
delayed until 5 minutes after delivery, as a significant 


percentage of patients can be expected to undergo | 


rapid, spontaneous separation of the placenta. 

Both Neri et al.' and Golan et al.* contended that this 
procedure facilitates the delivery of a high concentra- 
tion of oxytocin to the placental bed and uterine wall, 
resulting in uterine contraction and placental separa- 
tion. However, we conclude that, under the conditions 
of the present study, routine administration of 10 units 
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of oxytocin (diluted in physiologic saline solution), com- 
pared with administration of 20 ml of saline solution 
alone, does not significantly shorten the third stage of 
labor. We acknowledge that the present study does not 
address the possibility that injection of saline solution 
alone may be superior to expectant management. 


REFERENCES 


1. Neri A, Goldman J, Ganz B. Intra-umbilical vein injection 
of Pitocin: a new method in the management of the third 
stage of labor. Harefuah 1966;70:351-3. 

2. Golan A, Lidor AL, Wexler S, David MP. A new method 
for the management of the retained placenta. AM J OBSTET. 
GYNECOL 1983;146:708-9. 





Echocardiographic and anatomic: studies of the 
maternotrophoblastic border during the first trimester 


of pregnancy 
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The initiation of uteroplacental circulation was investigated in early pregnancy with the following material: 
contact ultrasonography, 250 casés; direct-vision chorionic biopsy, 10 cases; products from voluntary 
interruption of pregnancy, 60 cases; and hysterectomy with the pregnancy in situ, three cases. Using all of 
these techniques, we were unable to demonstrate a true intervillous blood flow during the first 12 weeks. 
We suggest that during this period the intervillous space is bathed by an acellular fluid that could be 
plasma filtered by the trophoblastic shell and its endovascular cone. If this is the case, the physiology of 
early pregnancy must be reconsidered. (AM J Osstet GYNECOL 1987;157:162-8.) 


Key words: Early pregnancy, trophoblastic shell, spiral arteries, uteroplacental blood flow, 


contact ultrasound—chorionic villus sampling 


Ultrasonic studies dealing with early pregnancy have 
until recently focused on objective criteria of embryonic 
vitality, that is, morphologic findings and biometry of 
the gestational sac and embryo and evaluation of em- 
bryonic cardiac activity and embryonic movement.’ All 
of these criteria have led to a very accurate dating of 
the pregnancy (+3 days).”* This accuracy has recently 
been significantly increased by the use of vaginal 
probes.* * However, the interest of the ultrasonogra- 


pher has not centered on the demarcation and/or in- - 
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terrelationship between endomyometrium and tropho- 
blast, probably because of a lack of sufficient resolution. 
Contact ultrasonography is, in this respect, a powerful 
tool.’ : 

According to the classic theories,” ’ the intervil- 
lous space is occupied by maternal blood from the 
twenty-second day onward. This statement has always 
been taken as sufficient proof of a real circulation, since 
the rapidly growing embryo needs an important supply 
of nutrients. For the past 3 years our department has 
been intensely involved in chorionic villus sampling by 
means of forceps biopsy via the cervical route. Sur- 
prisingly, we observed that almost no accurate samples 
were ever blood tinged or followed by any blood leak- 
age, although the intervillous space was obviously en- 
tered. Thus we felt obliged to reconsider the classic 
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Fig. 1. Contact echography diameter of the gestational bag 
(9 mm) corresponding to a 5'-week pregnancy. A large uter- 
ine vessel is seen at some distance (arrow). 


theories and wondered if the intervillous space is ef- 
fectively occupied by maternal blood during most of 
the first trimester. 

In this article we present the results of studies with 
contact ultrasonography, as well as direct-vision hys- 
teroscopy. Moreover, we will introduce morphologic 
evidence that the early placenta is bathed by fluid that 
is not completely maternal blood. 


Material and methods 


Ultrasound studies. Two hundred fifty normal preg- 
nancies have been studied between the fifth and twelfth 
week of gestation by means of a Sonoline 8000 (Siemens 
AG, Erlangen, Germany) apparatus coupled with a 
miniaturized vaginal linear array that is made up of 57 
crystals for a total length of 4.5 cm and a width of 1.2 
em. The ultrasound frequency was 7 mHz. The frame 
rate was 24/sec. All investigations were recorded on 
videotape. All patients gave their informed consent for 
the procedure. The vaginal insertion was performed 
during a routine examination. The probe was placed 
in the vaginal fornices. Bladder filling was unnecessary. 
In most patients a second vaginal ultrasound exami- 
nation was performed after an interval of 2 to 4 weeks. 

Morphologic studies 

Hysteroscopy. Ten patients who were scheduled for 
termination of pregnancy between 8 and 10 weeks were 
submitted to a hysteroscopic procedure after informed 
consent. The apparatus (Hysteroscope Storz AG ol 
4 mm outer diameter) was introduced through the cer- 
vical canal under general anesthesia. Irrigation of the 
uterine Cavity was initiated under low pressure until the 
optics were clearly positioned in the intervillous space. 
The saline solution drip was then stopped, villous sam- 
ples were obtained by direct-vision biopsy, and pho- 
tographs were systematically recorded. After comple- 
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Fig. 2. In vivo hysteroscopy in a 9-week pregnancy Villi appear 
as “whitish worms.” No blood discoloration is present, 


tion of the procedure, evacuation of the uterine con- 
tents was performed by either suction or dilatation and 
curettage. Products thus obtained were immediately 
fixed in buffered formalin and processed for routine 
histologic examination. 

Firsi-trimester placentas, Sixty first-trimester placentas 
were obtained between the seventh and twelfth weeks 
after uneventful pregnancies that had been legally ter- 
minated. The specimens were fixed in buffered for- 
malin embedded in Paraplast (Monoject, Kildare, Ire- 
land) and were routinely sectioned at 5 pm and stained 
with hematoxylin-eosin. 

Three pregnant patients underwent a hysterectomy 
during this observation period. The first case was a 29- 
year-old woman who had carcinoma in situ of the cer- 
vix. The pregnancy was 9 weeks. After ultrasono- 
graphic orientation, the uterus was opened opposite 
the placental insertion site and immersed in a large 
volume of formalin. It was subsequently cut into blocks 
numbered consecutively and serially sectioned. 

The second case was a 38-year-old woman who had 
a hysterectomy at 10 weeks of gestation for several in- 
tramural myomas. The specimen was processed in the 
same fashion as the first one. The third case was a 
36-year-old woman who was 9 weeks pregnant. After 
hysterectomy, both uterine arteries were cannulated, 
Hushed with heparinized saline solution, and then per- 
fused at a mean pressure of 100 mm Hg with a barium 
sulfate suspension (Micropaque, Nicholas S.A., Brus- 
sels, Belgium) diluted 1:3 with buffered 4% formalin. 
When perfusion was complete, that is, when the barium 
suspension appeared at the uterine veins, all vessels 
were tied, and the uterus was immersed in several 
liters of buffered formalin. After 10 days the speci- 
men underwent x-ray examination, was sliced (1 cm 
thick), and again was submitted to x-ray examina- 
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Fig. 3. Eight-week pregnancy voluntarily interrupted. Trophoblastic shell (arrows) is fused with 
cytotrophoblastic cell columns. (Hematoxylin-eosin stain; original magnification X 100). 
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Fig. 4. Eight-week pregnancy (voluntary interruption). Ma- 
ternal side of the trophoblastic shell (arrows). A tropho- 
blastic cone extends just beneath in a dilated spiral artery. 
(Hematoxylin-eosin stain; original magnification X 250.) 





tion. It was subsequently processed for routine histo- 
logic examination as the first two specimens were 
processed, 


Results 
Ultrasonography with a vaginal probe. The physical 


properties of the vaginal probe allowed a clear defi- 
nition of anatomic structures of 1 mm width in the 
explored field (real-time ultrasound examination). It 
was possible to detect the presence of a gestational sac 
at 4% weeks of gestation (calculated from the first day 
of the last menstrual period). It appeared as a small 
echo-free area (1 cm average diameter) surrounded by 
an echo-dense ring. This sac was located separately 
from the endometrial echoes and could thus be easily 
separated from an enlarged uterine cavity. Embry- 
onic cardiac activity could be detected when the car- 
diac primary tube began to pulse (twenty-second to 
twenty-third day of life, 5⁄2 weeks’ gestational age, and 
crown-rump length of 3 mm). Uterine vessels were ev- 
ident approximately | cm apart from the trophoblastic 
ring (Fig. 1). Small-moving echoes were usually iden- 
tified; they were synchronous to the maternal pulse. As 
pregnancy advanced, the vascular network became 
more conspicuous and grew closer to the trophoblastic 
shell. The latter also changed; it thickened in the region 
of the future placenta around the funicular merging 
with the uterine wall. However, uterine vessels did not 
reach the placenta. It was impossible to define any par- 
ticulate movement in the trophoblastic area during the 
period of observation. 
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Fig. 5. Hysterectomy specimen with 9-week pregnancy in situ. Reconstruction from serial sections 
of the course of spiral artery between the deciduomyometrial junction and its opening in the tro- 
phoblastic shell. Average length irrespective of numerous coils is 500 to 700 pm. e.i.v. = Intervillous 


space. 


Morphologic findings. When the hysteroscope was 
introduced into the uterine cavity, it could easily be 
positioned in the intervillous space by ultrasound guid- 
ance, provided that a limited amount of saline solution 
was perfused at low pressure through the outer tube. 
In the 10 patients observed, hysteroscopic observation 
could demonstrate villi as whitish “worm-like” struc- 
tures (Fig. 2). It was possible to see embryonic vessels 
within the villus core that appeared as pinkish threads. 
We did not observe blood discoloration in the intervil- 
lous space, and the perfusion could be stopped at the 
entrance into the intervillous space with an intact view 
of the contents. No bleeding occurred after withdrawal 
of the hysteroscope. The villus samples obtained by 
direct-vision biopsy were immediately coverslipped and 
examined in the fresh state. The morphologic findings 
were characteristic of the first trimester. Nucleated red 
blood cells were occasionally encountered. 

Products of conception after termination of preg- 
nancy. Our objective was not the description of first- 
trimester villi but the study of the maternal embryonic 
relationship. In all subjects, good variability of the pla- 
centa and embryo was suggested by a normal appear- 
ance of the histologic structures. Since disruption of 
the intervillous space with curettage is inevitable, no 
attention was paid to the presence of maternal blood. 
Immediate interest was focused on the implantation site 
and the uteroplacental arteries. The trophoblastic shell 
appeared to be continuous until 10 weeks of gestation. 
It was covered on both sides with spikes: On the fetal 


side they consisted of trophoblastic cell columns (future 
anchoring villi), whereas on the maternal side the in- 
travascular trophoblastic plugs were intimately sealed 
with the shell (Figs. 3 and 4). These findings were char- 
acteristic only of the true placental site. The chorion 
laeve essentially consisted of regressing villi with wan- 
dering trophoblasts covered with a very limited amount 
of decidua. Necrotic areas were more extensive in the 
chorion laeve. 

It was interesting to note that most normal products 
of conception had a cleavage line that followed exactly 
the outer side of the trophoblastic shell at a pole op- 
posite to the implantation site. Under the trophoblastic 
shell, no continuous fibrinoid layer could be demon- 
strated, Fibrin deposition was only conspicuous in those 
areas in which arterial thrombosis and decidual infarcts 
were present. In all subjects, trophoblastic invasion of 
the decidua was bimodal; an important number of iso- 
lated cells penetrated interstitially, whereas cellular 
plugs, which were sometimes rather loose, extended 
into the dilated spiral arteries. 

Hysterectomy specimens. Serial sections on selected 
blocks allowed us to follow the course of the spiral 
arteries. Most ran a course parallel to the maternal 
placental interface for 200 to 300 um and then became 
coiled while they progressively reached this interface. 
The opening of the uteroplacental artery was occluded 
by a trophoblastic plug. This plug extended toward the 
decidual myometrial junction, but in several sections, 
the vascular lumen was patent. Moreover, at the level 
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Fig. 6. Hysterectomy specimen with pregnancy in situ and both uterine arteries injected with ra- 
diopaque medium. Outer limits of the insertion site. The decidua encircling the early placenta is 
copiously vascularized while the intervillous space is devoid of any contrast medium. (X3 enlarge- 
ment from x-ray film slides of transversal sections | cm thick.) 


of the terminal coils, several slits could be identified 
that laterally connected the spiral artery (most of- 
ten occluded by trophoblasts) with the trophoblastic 
shell. 

Red blood cells were present between trophoblastic 
cells. They were also found in the slits and in some 
lacunar spaces of the trophoblastic shell but not in the 
intervillous space. The average length of the spiral ar- 
teries was 500 to 750 wm in the decidua of the insertion 
site notwithstanding the numerous coils (Fig. 5). 

Studies of x-ray films from one uterus injected with 
barium sulfate were of utmost interest. The intervillous 
space was devoid of radiopaque medium. In the | cm 
thick slices, small vessels were numerous at the insertion 
site and particularly at its lateral borders (Fig. 6). On 
histologic slides, the spiral arteries were filled with bar- 
ium sulfate. They were distended with a loosening of 
the trophoblastic plugs that intermingled with the 
endothelial layer. Particulate barium was identifed in 
some lacunae of the trophoblasuc shell that commu- 
nicated with the vascular lateral slits. 


Comment 

Maternal red blood cells have been detected very 
early in the primitive intervillous space, probably 
around the tenth to eleventh day after the period of 
conception. These cells are trapped in the trophoblastic 
lacunae and originate from circumferential distended 
sinusoids.’ Classically, more and more maternal vessels 
are progressively tapped, and according to Boyd and 
Hamilton’ and Kaufmann,’ a true blood flow is estab- 


lished around the twenty-ninth day. Our findings do 
not concur with this theory. 

In vivo contact ultrasonography was unable to delin- 
eate moving echoes in the intervillous space before 
week 13 in patients with normally-evolving pregnancy. 
It must be noted that this technique has not, to the best 
of our knowledge, been previously applied to a system- 
atic study of early fetoplacental development. Real-time 
ultrasound examination can pick up the motion of 
blood cells by the phenomenon of ultrasound energy 
diffusion on moving cells. Moreover, chorionic villus 
sampling under direct-vision biopsy brought immedi- 
ate proof that there is no true blood with hemoglobin- 
loaded erythrocytes surrounding the villi. These ob- 
servations have been seen repeatedly. It should be 
noted that in all patients saline solution infusion was 
stopped when the optics entered the intervillous space, 
thus suppressing any excess pressure. Our morphologic 
studies may offer an explanation. During the first 12 
weeks, the trophoblastic shell is completely tight and is 
bristling on both sides, that is, maternal and fetal, with 
numerous cellular cones ( Fig. 7). On the fetal side these 
consist of trophoblastic cell columns that proliferate 
actively; on the decidual side they are made up of in- 
travascular trophoblastic plugs that can extend up to 
the decidual myometrial junction at 9 to 10 weeks." 
According to our hypothesis, the growing embryo and 
placenta are completely separated from the maternal 
milieu during perhaps the whole first trimester. There 
is no or very limited contact with maternal cells during 
this period except at the deciduotrophoblastic interface 
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Fig. 7. Schematic representation of the peripheral trophoblastic layer during the first 12 weeks. It 
must be emphasized that trophoblastic cell columns (cc), trophoblastic shell (és), and endovascular 
(tvt) trophoblastic plugs (cones) form a continuum, theoretically without leakage, which protects the 
organizing embryo and growing placenta from most external influences. 


and in the spiral arteries. Ramsey and Donner’ ques- 
tioned the exact period during pregnancy when a true 
blood flow was established. However, their experiments 
on primates indicated that it would occur late. 

Pijnenborg et al.” have described the intravascular 
trophoblastic invasion. They also mentioned the exis- 
tence of lateral slits communicating with the tropho- 
blastic shell. However, they did not consider that a 
markedly reduced or even arrested blood flow was a 
necessary consequence of this anatomic structure. 

We find it remarkable that in our hysterectomy spec- 
imen injected with a radiopaque dye, the mean pressure 
at the uterine artery level was 100 mm Hg, and despite 
a sustained flow lasting about 30 minutes, there was no 
particulate barium sulfate in the intervillous space. The 
uterine veins, however, were filled with contrast media, 
as were the spiral arteries, up to the trophoblastic cones. 
One might speculate about the possible existence of 
arteriovenous shunts in or near the placental insertion 
site, possibly at the deciduomyometrial interface. 

The most important problem in early (ie., first 
trimester) placental development resides in the estab- 
lishment of equilibrium between the intrauterine ex- 
pansion of the growing placenta and the effectiveness 
of the trophoblastic shell as a temporary barrier. This 
dynamic equilibrium cannot exist if maternal blood is 
allowed to spurt freely into the intervillous space. At 
this early stage of pregnancy, anchoring villi have not 
yet reached the effectiveness of the late stages since 
they are only made of cellular, that is, trophoblastic 


expansions of the outer shell and thus are easily torn 
off if pressure rises even minimally. One might spec- 
ulate that this may play a role in spontaneous abortions. 

Nevertheless, we do not want to state definitively that 
during the first 12 weeks the intervillous space is ab- 
solutely bloodless. Some leakage may exist; however, in 
general it seems that all wandering maternal cells re- 
main trapped within the trophoblastic shell, which acts 
as a cell filter. 

Thus it follows that most of the intervillous space is 
occupied by a fluid that in essence must be plasma with 
a possible but limited admixture of uterine gland se- 
cretions. Our evidence would seem to indicate this; 
however, absolute proof will be present only when the 
exact composition of the fluid is known. 

If our hypothesis proves valid, it raises many ques- 
tions, the most important of which are: (1) Under the 
conditions described, how can the fuel supply to the 
growing embryo be sufficient? (2) At the crucial mo- 
ment when organogenesis takes place, is it conceivable 
that the oxygen supply to the conceptus would not be 
fully hemoglobin mediated but on the contrary, would 
be dependent on the partial pressure of oxygen as de- 
fined by its solution in plasma? If this is true, then 
embryonic organogenesis must proceed under a re- 
duced oxygen tension. 

It is already well known that the first cleavage steps 
of the fertilized ovum are best accomplished under re- 
duced oxygen pressure." We are convinced that our 
observations closely mirror reality and that new ways 


Hustin and Schaaps 


of thinking are needed to explain the physiology of 
early gestation. In particular, we suggest that there are 
two periods. The first lasts about 12 weeks and is when 
implantation, organogenesis, and building of the de- 
finitive placenta take place. All of these events that en- 
compass vertebrate phylogeny in a very short time 
could occur without maternal blood flow, that is, in low 
oxygen-tension conditions, resembling those conditions 
that occur in fish embryos that have external gills (1.e., 
the early villus placenta). The second period would 
encompass the last two thirds of pregnancy, which are 
fully characteristic of mammalian evolution, and dur- 
ing which fetal growth occurs with increased require- 
ments that eventually need an active maternal blood 
flow in the intervillous space. Much of this, of course, 
is highly speculative. Several studies are currently being 
conducted to develop additional evidence. | 


We thank Dr. E. Ramsey for the fruitful discussions 
on our hypothesis. 
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Freezing and thawing procedures did not affect the chances of successful transfer of human embryos. The 
postimplantation viability of frozen-thawed embryos was equivalent to that of fresh, immediately transferred 
embryos. Selection of the embryos that were more suitable for freezing did influence the pregnancy rate 
after transfer of the remaining fresh embryos. The therapeutic efficacy of in vitro fertilization and embryo 
transfer programs will be greatly increased if only one embryo is transferred in the in vitro fertilization 
cycle, the others being separately frozen for further embryo transfer in subsequent cycles. (Am J OBSTET 


GYNECOL 1987;157:168-71.) 
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We have previously described a method of human 
embryo freezing with 1,2-propanediol used as a cryo- 
protectant.’ The first results after transfer of frozen 
and thawed embryos have demonstrated that it is pos- 
sible to obtain a high pregnancy rate by including em- 
bryo freezing in an in vitro fertilization and embryo 
transfer program.” 


N 
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The choice of which embryo(s) to freeze from those 
obtained in a single in vitro fertilization cycle depends 
on two criteria: the cleavage stage of each embryo and 
its appearance at the time when the other embryos are 
transferred. It is necessary to demonstrate that embryo 
freezing according to this practice does not diminish 
the success rate that is seen with fresh embryo transfer. 

Another problem is the evaluation of the best chance 
to obtain a pregnancy according to the policy of embryo 
freezing, that is, how many embryos have to be trans- 
ferred immediately and how many have to be frozen 
for further transfer(s) after thawing. However, to ad- 
equately perform this calculation, we must consider all 
frozen fertilized eggs and not just those that survive 
the freezing and thawing procedures. 

It was the aim of the present study to answer both 
of these questions from the preliminary results ob- 
tained in 124 in vitro fertilization cycles in which em- 
bryo(s) were frozen and thawed. 


Material and methods 


Patients and treatments. All women were treated in 
our in vitro fertilization—embryo transfer unit accord- 
ing to several protocols for ovarian stimulation during 
the cycle of oocyte recovery. Follicle growth was in- 
duced by clomiphene citrate (Clomid, Merrell Toraude, 
Paris, France) and human menopausal gonadotropin 
(hMG; Inductor, Searle, Paris, France) in monitored 
cycles as previously described? or in programmed cy- 
cles.* Programmed cycles represented 20% of cycles in 
which no embryos were frozen and 50% of cycles in 
which certain embryos were frozen. Oocyte recovery 
took place 35 hours after human chorionic gonadotro- 
pin (hCG) administration. 

Oocyte and embryo culture. The methods used for 
sperm preparation, for in vitro insemination, and for 
embryo culture and transfer have already been de- 
scribed.” ° Briefly the entire culture was performed in- 
side a modified newborn incubator (Wild-Leitz, Rueil, 
95506, France) with the use of Menezo B, culture me- 
dium (Api System, La Balme les Grottes, 38390, France) 
free of serum. 

Embryo freezing and thawing procedures. After de- 
hydration with 1,2-propanediol (1.5 mol/L) and sucrose 
(0.1 mol/L) the embryo was introduced into a plastic 
straw to be frozen in a programmed freezer (Minicool, 
CFPO, Sassenage, 38360, France). Only l- or 2-day 
embryos were frozen. We intended to freeze mainly 
embryos at the pronucleated stage or those containing 
two or four regular blastomeres without any cytoplas- 
mic exudate.' The duration of cryopreservation was 
between | and 15 months. Embryo transfer was per- 
formed in the patient from whom the oocyte(s) were 
obtained and took place either in a natural cycle 
(n = 62) or in a cycle treated with hMG (n = 11) or 
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Table I. Pregnancy rate in in vitro fertilization 
cycles excluding embryo freezing 





No. of transferred embyos 






Transfer cycles (n) 210 166 129 
Pregnancies 
n 25 34 27 
% 11.9 20.5 20.9 


Table I. Pregnancy rate after fresh embryo 
transfer in in vitro fertilization cycles in which 
other embryos were frozen 





No. of transferred embryos 






Transfer cycles (n) 27 25 95 
Pregnancies 
n 10 4 26 
% 37.0 16.0 27.4 


hCG (n = 3) or hMG plus hCG (n = 24). The embryos 
were introduced into the uterus at a time after ovulation 
that was equivalent to their developmental age after 
in vitro insemination.” 

Policy for embryo freezing. The policy for embryo 
freezing was not clearly defined until the end of this 
preliminary study. In some patients no embryos were 
transferred in the in vitro fertilization cycle whereas 
one to three embryos were immediately transferred in 
others. The number of frozen embryos was one to 11 
per in vitro fertilization cycle. 

Selection of control subjects. Two groups of patients 
having fresh embryo transfer were used as controls for 
the evaluation of the efficiency of the freezing method. 
There were 505 in vitro fertilization cycles in which all 
embryos were immediately transferred into the uterus 
and 147 in vitro fertilization cycles in which certain 
embryos were immediately transferred whereas others 
were frozen. All of these in vitro fertilization cycles took 
place during the same period of study. 


Results 


In the 505 in vitro fertilization cycles in which no 
embryos were frozen, pregnancy rates were 11.9%, 
20.5%, and 20.9% after the transfer of one, two and 
three fresh embryos, respectively (Table I). In the 147 
in vitro fertilization cycles where one or several embryos 
were frozen, there were 37.0%, 16.0%, and 27.4% preg- 
nancies after the transfer of one, two, and three fresh 
embryos, respectively (Table II). After single fresh em- 
bryo transfers the pregnancy rate was therefore higher 
when other embryos were frozen (37.0% versus 11.9%, 
p < 0.001). There was no influence of the type of ovar- 
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Table III. Pregnancy rate after frozen-thawed 
embryo transfer 






No. of transferred embryos 


Transfer cycles* (n) 76 24 100 
Pregnancies 
n 18 8 26 
7o 25.7 33.3 26.0 


*Only embryos that kept 50% of their initial number of 
cells. 


Table IV. Outcome of pregnancies induced by 
transfer of fresh or frozen embryos 






Transferred embyros 


Beginning pregnancies (n) 126 26 
Biochemical abortions (n) 17 4 
Clinical abortions (including 19 5 


ectopic pregnancies) (n) 
Ongoing pregnancies 
n 


% 71.4 65.4 





*From which 17 normal babies were delivered. 


ian stimulation on pregnancy rate after fresh embryo 
transfer (18.8% and 19.4% for programmed and mon- 
itored in vitro fertilization cycles, respectively). 

There were 130 in vitro fertilization cycles in which 
frozen embryos were thawed. The total number of 
frozen-thawed embryos was 193, from which 124 
(64.2%) kept at least 50% of their initial number of cells 
and were transferred. There were 76 single and 24 
double embryo transfers resulting in 18 (23.7%) and 
eight (33.3%) pregnancies, respectively (Table IH). 

The pregnancy rate per in vitro fertilization cycle was 
19.5%, 21.6%, and 33.3% according to freezing and 
thawing of one, two, and three embryos respectively 
regardless of embryo survival after thawing. These fig- 
ures did not differ from those obtained when the em- 
bryos were immediately transferred (Tables I and II). 
When a pregnancy began, its progress was not influ- 
enced by the origin of the transferred embryos (fresh 
or frozen-thawed, Table IV). The percentages of on- 
going pregnancies were 71.4% and 65.4% after the 
implantation of fresh and frozen-thawed embryos, re- 
spectively. 


Comment 


From these preliminary data two important facts 
emerge. First, frozen embryos have the same chance to 
initiate a pregnancy as fresh embryos despite the fact 
that one third of them do not survive the freezing- 
thawing procedures. We can therefore postulate that 


July 1987 
Am J Obstet Gynecol 


certain lost embryos would not have resulted in suc- 
cessful pregnancy even if not frozen. It is possible that 
the freezing-thawing procedures exert a selective effect 
and that only the viable embryos can survive. It appears 
as if the majority of embryos that are lost are those not 
suitable for freezing. Embryo survival after thawing was 
twice as high for embryos judged to have a favorable 
appearance, regular blastomeres, and no exudate as for 
those without these features. We have also observed a 
very low survival rate for embryos frozen at the three- 
cell stage or after the six-cell stage with our freezing- 
thawing conditions.® It can also be stated that the post- 
implantation viability of frozen embryos is equivalent 
to that of fresh embryos as the ongoing pregnancy rate 
was comparable in both cases. 

The second fact to be demonstrated by this study is 
that the selection of certain embryos for freezing does 
not have a deleterious effect on the outcome after trans- 
fer of the remaining fresh embryos. This justifies the 
selection of the most suitable embryos for freezing on 
the basis of their morphologic appearance and their 
developmental stage. 

Three factors are generally acknowledged to affect 
the success of embryo transfer. The quality of the em- 
bryo cannot be improved by cryopreservation but, as 
discussed above, it is possible to select the most appro- 
priate for this procedure. There were more pro- 
grammed cycles in the group of patients with embryo 
freezing than in the control group. Although the mode 


‘of ovarian stimulation in the recovery cycle may the- 


oretically affect embryo quality no difference was 
found in the pregnancy rate after fresh embryo trans- 
fer in programmed or monitored cycles. The second 
factor is the quality of the luteal phase and this can be 
improved by using the natural or lightly stimulated 
cycle for frozen embryo transfer. This may explain in 
part the relative success of frozen compared with fresh 
single embryo transfer (23.7% and 11.9%, respectively). 
The third factor that may influence the success of em- 
bryo transfer is the technical aspects of the transfer 
procedure. Cryopreservation enables us to multiply the 
number of transfers for a given number of available 
embryos. Freezing the embryos in individual straws not 
only increases the theoretical possibility of pregnancy’ 
but also avoids the risk of multiple pregnancy. 

It is obvious that all these improvements depend on 
a high success rate for embryo cryopreservation pro- 
cedures. Our embryo freezing method appears several 
times more efficient than those reported by othérs*° if 
related to the pregnancy rate. per fertilized egg ex- 
cluded from immediate transfer in the in vitro ferti- 
lization cycle. This may be partly explained by the poor 
developmental ability of 2- or 3-day embryos when di- 
methylsulfoxide is used as cryoprotectant? and by the 
deleterious effect of in vitro conditions if the eggs need 
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to be cultured for 4 or 5 days before being suitable for 
freezing when glycerol is used as the cryoprotectant.® 

From the results reported here it is urgent to recon- 
sider the definition of a supernumerary embryo ob- 
tained in an in vitro fertilization cycle. Our opinion is 
that the therapeutic efficacy of in vitro fertilization— 
embryo transfer will be greatly increased if only one 
embryo is transferred in the in vitro fertilization cycle, 
the others being separately frozen for further embryo 
transfer in subsequent cycles. | 
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The effects of aminophylline and nifedipine on contractility of 
isolated pregnant human myometrium 


Lynne M. Bird, M.D., Nels C. Anderson, Jr., Ph.D., Mary L. Chandler, M.D., and 


Roger C. Young, M.D., Ph.D. 
Durham, North Carolina 


+ 
` 


To characterize the effects of aminophylline and nifedipine on pregnant human myometrium, in vitro 
contractility studies were performed on myometrial strips obtained at cesarean section. The strips were 
stimulated with oxytocin (800 mU/L) to simulate labor and then were exposed to increasing concentrations 
of aminophylline (40, 100, and 400 mol/L) or nifedipine (5, 10, and 20 ug/L). Both drugs produced a 
dose-related decrease in contraction Strength, as measured by the time-integrated force of contraction. 
Aminophyiline lengthened the period of contraction in a manner that was not dose dependent. Low-dose 
nifedipine (5 ug/L) increased the period of contraction, but higher doses had no effect on frequency. 

Both drugs produced a net reduction in the effectiveness of labor, as measured by the average force 


+ 


(time-integrated force divided by period). These results indicate that both aminophylline and nifedipine may 
be clinically useful tocolytic agents. (AM J OBSTET GYNECOL 1987;157:171-7.) . 


Key words: Aminophylline, nifedipine, myometrium, pregnant human myometrium 


Prematurity causes significant neonatal morbidity 
and mortality at a considerable expense to the health 
care system. Pharmacologic uterine relaxation is in- 
tended to result in pregnancy retention, allowing 
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greater fetal maturity to be attained. Currently, 
B-adrenergic receptor agonists are the only agents ap- 
proved for use in preterm labor. However, the useful- 
ness of these drugs may be limited by their side effects, 
which include tachycardia, hypotension, hyperglyce- 
mia, electrolyte imbalances, and pulmonary edema. 
Drugs other than the B-adrenergic receptor agonists 
may produce adequate tocolysis with fewer toxic side 
effects, This study characterizes the actions of two such 
potential tocolytic agents by examining their abilities to 
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Fig. 1. Effect of oxytocin stimulation on average force as a 
function of contraction number. Each point représents the 
average + SD of six experiments. 


relax human myometrium in vitro. We report the ef- 
fects of aminophylline, a phosphodiesterase inhibitor, 
and nifedipine, a calcium channel antagonist, on the 
rate and force of contractions of pregnant human myo- 
metrium under oxytocin stimulation. 


Material and methods 


Informed consent was obtained from pregnant pa- 
tients, ranging from 27 weeks’ gestation to term, un- 
dergoing cesarean section in the Department of Ob- 
stetrics and Gynecology at Duke University Medical 
Center. Small segments of uterus were cut from the 
upper margin of the uterine incision during low trans- 
verse cesarean delivery. The tissue was rapidly im- 
mersed in Hepes-buffered physiologic salt solution (see 
below) containing excess lidocaine (0.2 to 0.5 mg/ml) 
for preservation. The tissue samples were used im- 
mediately or stored at 4° C until the next day. 

Strips -of myometrium, measuring approximately 
2 by 2 by 15 mm, were dissected, with the long axis of 
the collagen fibers oriented along the long axis of the 
strips. Each strip was rinsed free of lidocaine and an- 
chored in a 20 ml jacketed glass organ bath (Harvard 
Apparatus, South Natick, Massachusetts) with 4-0 silk 
suture. The strips were placed under 500 mg initial 
tension and began contracting spontaneously within 30 
to 150 minutes. Isometric tension was measured with 


a Grass Ft 03 force displacement transducer and re- | 


corded on a Grass polygraph (Grass Instrument Com- 
pany, Quincy, Massachusetts). Hepes- -buffered solution 
at 36.5° to 37.0° C and pH 7.40, bubbled with 100% 
oxygen, flowed continuously through the chamber at 
L. 3 ml/min. 

` After spontaneous activity became regular, the strips 
were exposed to Hepes-buffered solution containing 
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oxytocin (Sigma Chemical Co., St. Louis, Missouri), 800 
mU/L, to simulate labor. Strips were then exposed to 
solutions containing oxytocin and either aminophylline 
or nifedipine. Three concentrations of aminophylline 
(40, 100, and 400 pmol/L) and nifedipine (Pfizer Lab- 
oratories, New York, New York) (5, 10, and 20 pg/L) 
were tested. Five to 10 contractions were obtained for 
each drug solution. Solutions were changed by rapid 
flushing of at least 60 ml of the new solution through 
the chamber over a 30-second period. A given strip was 
exposed to increasing concentrations of either ami- 
nophylline or nifedipine, although it may not have been 
exposed to all three concentrations of the drug. 

Solutions. The Hepes-buffered physiologic salt so- 
lution contained sodium chloride, 113 mmol/L; potas- 
sium chloride, 4.7 mmol/L; magnesium sulfate, 1.2 
mmol/L; glucose, 2.8 mmol/L; Hepes, 10 mmol/L; and 
calcium chloride, 2.5 mmol/L. The pH value was 
brought to 7.40 with sodium hydroxide. Nifedipine so- 
lutions were prepared immediately before an experi- 
ment and kept dark until needed. 

Data analysis. The period (T) of a contraction was 
defined as the time interval between the beginning of 
the contraction of interest and the beginning of the 
previous contraction. The area under the peak for 
each contraction is a quantitative measure of the time- 
integrated force (F). These areas were obtained by cut- 
ting out photocopies of the peaks and comparing their 
weights with those of known standard curves. The av- 
erage force (G) exerted during the time interval be- 
tween the contraction of interest and the previous con- 
traction was defined as F/T. (See Comment section for 
further explanation.) 

The values of T, F, and G from individual contrac- 
tions obtained under the same drug conditions were 
averaged for each strip. For example, oxytocin represents 
the average T from all contractions obtained when a 
strip was exposed to oxytocin alone (baseline condi- 
tions). Taminophynne represents the average T from all con- 
tractions obtained when the strip was exposed to oxy- 


tocin plus aminophylline. The response (R) to the 


drug tested is then defined as the average T, F, or G 
during drug exposure divided by that parameter dur- 
ing oxytocin stimulation alone (for instance, R = 
J Each myometrial strip thus serves as 
its own control, and drug effects are expressed as a 
fraction of the oxytocin baseline parameters. 

` The Wilcoxon signed-rank test was used to detect 
statistically significant differences in the responses of 
T, F and G to drug treatment and to detect whether 
there was a dose-related effect. 


Results 


To be certain that the effects on T and F were truly 
drug effects and not simply smooth muscle fatigue or 
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Vv Oxytocin + 404M Aminophylline 


y rytocin + 100uM Aminophylline l 


Fig. 2. Inhibition of in vitro myometrial activity by aminophylline. 


cell death, six control strips were exposed to oxytocin 
(800 mU/L) only and allowed to contract for at least 40 
contractions, the maximum number of contractions ob- 
tained during an experiment. The first 10 contractions 
after the addition of oxytocin were averaged for the 
baseline. Fig. 1 shows that strip function, measured by 
G, was preserved for the duration of the experiments. 
Similarly, T and F were stable for the duration of the 
experiments (data not shown). 

Aminophylline effects. A representative tracing of 
a strip treated with aminophylline is shown in Fig. 2. 
The effects of the three concentrations of amino- 
phylline on T, F, and G are shown in Figs. 3 to 5. 
Aminophylline lengthened the median T significantly 
at concentrations of 40 and 100 pmol, but there was 
lack of significance at 400 pmol, perhaps because of 
the small number of strips exposed to this concentra- 
tion (Fig. 3). The median slope of the dose-response 
curves was not significantly different from zero, indi- 
cating there was no dose-related effect (that is, T did 
not lengthen further with increasing doses). 

All concentrations of aminophylline lowered the me- 
dian F significantly below the baseline (Fig. 4). The 
median slope of the dose-response curves was signifi- 
cantly different from zero (p < 0.005), indicating that 
the effect of aminophylline on F is dose-related (that 
is, the greater the dose over the range tested, the 
greater the reduction of F). 

All concentrations of aminophylline lowered G sig- 
nificantly below the baseline (Fig. 5). This effect on G 
was also dose dependent [that is, the median slope of 
the dose-response curves was significantly different 
from zero (p < 0.005)], with G reduced as the concen- 
tration of aminophylline increased. 


Nifedipine effects. A representative tracing of a strip 
treated with nifedipine is shown in Fig. 6. Figs. 7 to 9 
show the effects of the three concentrations of nifed- 
ipine on T, F, and G. Nifedipine (5 wg/L) significantly 
prolonged T; at higher concentrations T progressively 
decreased, although never significantly below baseline 
(Fig. 7). The median slope of the dose-response curves 
was significantly different from zero (p < 0.005), in- 
dicating that the effect of nifedipine on T was dose 


_ related. 


The median F was reduced significantly below base- 
line at all concentrations of nifedipine studied (Fig. 8). 
The median slope of the dose-response curves was sig- 
nificantly different from zero (p < 0.005), indicating a 
dose-dependent effect (that is, the greater the dose of 
nifedipine over the range studied, the greater the re- 
duction of F). 

Despite no effect on T at the higher concentrations 
of nifedipine, the dramatic effect of nifedipine on F 
resulted in depression of G below baseline at all con- 
centrations of nifedipine (Fig. 9). This effect was also 
dose related (the median slope of the dose- -response 
curves was significantly different from zero, p < 0.005), 
with increasing concentrations producing more pro- 
found reduction in G over the dose range studied. 


Comment 


Justification of the model system. This study mea- 
sured the tocolytic effects of aminophylline and nifed- 
ipine by using isolated myometrial strips. This exper- 
imental model is an established means of determining 
the action of hormones and drugs, — potential 
tocolytic agents, on uterine smooth muscle." 

Specimens were obtained from the lower uterine seg- 
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Fig. 3. Effect of aminophylline on the period of contraction 
of oxytocin-stimulated pregnant human myometrial strips; 
* = p < 0.005; ** = p < 0.001. 
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Fig. 4. Effect of aminophylline on the time-integrated force 
of contraction of oxytocin- -stimulated pregnant human myo- 
metrial strips; * = p < 0.005; ł = p< 0. ue 


ment, which contains relatively large amounts of con- 
nective tissue and less smooth muscle compared with 
the uterine body or fundus. Although the function of 
the lower uterine segment during parturition is to dilate 
rather than contract against the fetus, all tissue samples 
from this area contained smooth muscle, which was 
spontaneously contractile and responsive to oxytocin. 
Ideally, the investigation of tocolytic drugs should be 
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Fig. 5. Effect of aminophylline on the average force of con- 
traction of oxytocin-stimulated pregnant human myometrial 
strips; * = p < 0.005; t = p < 0.05. 


conducted with tissues in the clinically relevant range 
of 26 to 34 weeks’ gestation. Because tissue of this age 
is only infrequently available, these studies were per- 
formed on preterm and term specimens. 

The goal of tocolytic therapy is to prevent the myo- 
metrium from expelling the fetus. The ability of the 


myometrium to expel the fetus (that is, the effectiveness — 


of labor) is governed by both contraction strength and 
contraction frequency. Although contraction frequency 
is easily measured as the iriverse of the contraction pe- 
riod (T), contraction strength is less well defined. Nei- 
ther the peak force that occurs during a contraction 
nor the contraction duration seems to be an adequate 
measurement of contraction strength, since clinically, 
contractions of both sufficient force and duration are 
necessary to expel the fetus. The act of expelling the 


fetus requires the myometrium to change the velocity . 


or momentum of the fetus. This ability of the myo- 
metrium to change the momentum of the fetus is equal 
to the impulse that the myometrium can deliver to the 
fetus. Impulse (dyne-sec) is equal to force (dyne) times 
the duration (sec) of that force and thus incorporates 
both elements of contraction strength mentioned 
above.-In our model, impulse is measured by the area 
under the peak of a contraction (that is, F). This area 
is an accurate in vitro estimate of contraction strength, 
since it, incorporates both the force and the duration 
of the contraction. 

Because the effectiveness of labor is governed by 
both contraction strength (F) and contraction fre- 
quency (1/T), a third variable, G, was calculated to as- 
sess the net effect of both of these parameters. G was 
defined as F multiplied by the contraction frequency 
(that is, F divided by T). The Montevideo unit,* which 
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Fig. 6. Inhibition of in vitro myometrial activity by nifedipine. 





is used clinically to assess the adequacy of labor, is also 
a product of contraction strength and contraction fre- 
quency. If F in our model is accepted as an adequate 
in vitro measure of contraction strength, then G be- 
comes an in vitro analogue of the Montevideo unit. 
Thus G is a measure of the effectiveness of labor. 

Although there is good evidence that the concentra- 
tion of oxytocin receptors, not the amount of circulat- 
ing oxytocin, is important in the initiation of labor,’ we 
stimulated the strips with oxytocin to characterize the 
effects of aminophylline and nifedepine on strongly 
contracting tissue. We used a concentration of oxytocin 
that has been found by others? to give about 50% stim- 
ulation. In addition to mimicking labor, oxytocin was 
intended to provide a relative degree of uniformity 
between tissues, since some were taken from women in 
active labor and some from nonlaboring women. Ex- 
posure to oxytocin always produced at least a transient 
increase in strip activity (both increased rate and force), 
a response similar to that seen clinically. 

Aminophylline. Aminophylline is a xanthine deriv- 
ative that has been accepted traditionally as a phos- 
phodiesterase inhibitor. In human myometrial strips we 
have shown that aminophylline produces a dose-related 
decrease in F and G and lengthens T in a manner that 
is not dose related at the concentrations studied. These 
data indicate that aminophylline decreases contraction 
strength and contraction frequency and reduces the 
effectiveness of labor. Therefore aminophylline may 
be a clinically useful tocolytic agent. 

The clinical usefulness of any drug is governed by 
the balance between its efficacy and toxicity. There have 
been two clinical trials with aminophylline, which have 
yielded conflicting results on the favorability of ami- 
nophylline’s cardiovascular/tocolytic ratio compared 


with B-sympathomimetic agents. ® These studies had 
different end points and used vastly different drug 
regimens, which may account for their contradictory 
results. However, aminophylline may prove to be an 
unsatisfactory tocolytic agent when used alone because 
of its cardiovascular side effects. 

One way in which aminophylline may be particularly 
useful is in combination with a B-adrenergic receptor 
agonist. There is a well-known tachyphylaxis that oc- 
curs with the use of B-agonists, which may be caused 
by down regulation of B-adrenergic receptors (short- 
term) and an increase in phosphodiesterase activity 
(long-term).’ The combination of a phosphodiesterase 
inhibitor such as aminophylline with a B-adrenergic 
receptor agonist may slow the development of tachy- 
phylaxis as a result of increased phosphodiesterase ac- 
tivity and may provide a synergism between the two 
classes of drugs.® This principle is already applied in 
asthma therapy, where f-adrenergic receptor agonists 
and phosphodiesterase inhibitors are frequently com- 
bined to reduce side effects and increase efficacy. 

Animal work®."’ and a clinical trial conducted by Had- 
jigeorgiou et al. have shown that aminophylline may 
accelerate fetal lung maturation. This suggests that am- 
inophylline may be able to reduce the risk of respiratory 
distress syndrome in two ways: first, by accelerating the 
rate of lung maturation and second, by prolonging 
pregnancy to allow more time for physiologic lung mat- 
uration. 

The evidence we present for the tocolytic action of 
aminophylline combined with the existing data on fetal 
lung maturation justifies testing aminophylline in con- 
trolled, randomized clinical trials for both its tocolytic 
efficacy and its ability to prevent neonatal respiratory 
distress syndrome. 


176 Bird et al. 
2.4 
2.2 > 
2.0 
81.8 
x | 6 
neg 
\ | .4 S 
Qey R — — — 
Zos i < 
06 
0.4 
0.2 


Nifedipine Concentration (ug/L) 


Fig. 7. Effect of nifedipine on the period of contraction of 
oxytocin-stimulated pregnant human myometrial strips; 
* = p = 0.005. 
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Fig. 8. Effect of nifedipine on time-integrated force of con- 
traction of oxytocin-stimulated pregnant human myometrial 
strips; łł = p< 0.05; * = p< 0.005. 


Nifedipine. Nifedipine is one of a class of drugs that 
are widely thought to act as blockers of the ionized 
calcium—mediated slow inward current through antag- 
onism of voltage-sensitive calcium channels in the sar- 
colemma.'’2 We have shown in human myometrial 
strips that nifedipine produces a dose-related decrease 
in F and G. There was no consistent increase in T. 
These results indicate that nifedipine reduces the ef- 
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Fig. 9. Effect of nifedipine on average force of contraction of 
oxytocin-stimulated pregnant human myometrial strips; 
* = p < 0.005. 


fectiveness of labor primarily by reducing contraction 
strength. Perhaps in combination with another drug 
that reliably reduces the rate of contraction, nifedipine 
would be a valuable tocolytic agent. 

Our results support those of Forman et al.,! who 
found that both pregnant and nonpregnant strips of 
myometrium responded to nifedipine with decreased 
amplitude of contraction in a dose-dependent manner. 
Although we demonstrated an initial lengthening fol- 
lowed by a shortening of T with nifedipine treatment, 
Forman et al.' found only a shortening of T before 
abolishment of activity. In vivo studies" have shown 
variable results on T (see below). This confusing rela- 
tionship between nifedipine and T may reflect differ- 
ences in experimental method but may also reflect the 
complex contribution of ionized calcium to the slow 
pacemaker potential and/or resting membrane poten- 
tial that govern the initiation of contraction. 

There have been several clinical trials with nifedipine 
reported in the European literature.'*'® Nifedipine in- 
hibited prostaglandin F,,—induced uterine contractions 
in pregnant patients undergoing midtrimester abortion 
by decreasing the intensity and slightly increasing the 
frequency of contractions.'* Nifedipine was also able to 
suppress oxytocin— and prostaglandin F,,—induced ac- 
tivity in the postpartum uterus; this was caused by a 
decrease in amplitude and frequency.” 

Ulmsten et ai.'® treated 10 women in premature labor 
with nifedipine to delay delivery for at least 3 days while 
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glucocorticoids were administered. The side effects 
noted were a facial flush within 15 minutes of drug 
administration and a transient rise in maternal pulse 
(10 to 25 bpm). No significant changes were noted in 
the fetal heart rate, and there were no neonatal com- 
plications. Although this study is encouraging, there 
have been recent reports of dangerous side effects of 
calcium channel antagonists in ewes. For example, Gol- 
ichowski et al.” found that nifedipine significantly in- 
creased fetal heart rate compared with control and rito- 
drine treatment. Parisi et al.'* reported the develop- 
ment of hypercapnia, acidosis, and possibly hypoxemia 
in fetuses of hypertensive ewes treated with nicardi- 
pine, another calcium channel antagonist. More studies 
are required to elucidate the fetal risks of nifedipine 
treatment. 

A striking finding in our results was the wide vari- 
ability in tissue response to both aminophylline and 
nifedipine. Some variability is inherent in working with 
human tissue, and some is probably attributable to the 
wide range of gestational ages. The variability in re- 
sponse to aminophylline may be caused by differences 
in turnover rates of cyclic adenosine monophosphate. 
The variability in response to both drugs may be caused 
by differing amounts of connective tissue between myo- 
metrial strips, resulting in unequal diffusion of the 
drugs into smooth muscle cells. The degree of vari- 
ability in these in vitro experiments may indicate that 
patient variability will also be large. 

The number of samples was too small to permit sta- 
tistical comparison of subgroups such as term and pre- 
term, laboring and nonlaboring, or administration of 
general and regional anesthetics. However, no obvious 
trends were seen with regard to these clinical par- 
ameters. 

In summary, we have demonstrated that both ami- 
nophylline and nifedipine may be useful tocolytic 
agents. Further studies to investigate their precise 
mechanisms of action may indicate which clinical set- 
tings are most appropriate for each drug. Future ani- 
mal work should clarify the maternal and fetal dangers 
of nifedipine treatment and may indicate whether this 
drug can be safely tested clinically. Convincing evidence 
of the tocolytic ability of aminophylline has been pre- 
sented here and by others.*®° Both in vitro and clinical 
studies of these drugs alone or in combination with 
other drugs should be the next undertaking. 


We thank Deborah Dawson for her assistance in the 
statistical analysis of these data. 
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Factor XI deficiency presenting as hemarthrosis 


during pregnancy 


C. Elizabeth Musclow, M.D., Henry Goldenberg, M.D., E. Paul Bernstein, M.D., and 
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Toronto, Ontario, Canada 


This report describes events and findings in a pregnant patient with factor XI deficiency who suffered at 
least one episode of hemarthrosis. The incidence and rarity of this complication are discussed and views 
on management expressed. (Am J Opstet GYNECOL 1987;157:178-9.) 


Key words: Factor XI deficiency, hemarthrosis, pregnancy 


Deficiency of coagulation factor XI is an autosomal 
recessive or partially dominant inherited coagulopathy. 
Many patients with this disorder go through life un- 
aware of their condition until challenged by surgery or 
trauma. The incidence of hemarthrosis in factor XI— 
deficient patients is very rare.' Coagulation factors XI 
and XIII are known to decrease during pregnancy.” * 
This article reports a previously silent case of factor XI 
deficiency in a woman who developed hemarthrosis late 
in pregnancy. 


Case report 


A 26-year-old legal secretary (gravida 2, para 1, abor- 
tions, 0) of Ashkenazi Jewish ancestry was seen at 37 
weeks gestation with atraumatic spontaneous pain and 
swelling of the left knee. On aspiration of the knee, 18 
mil sterile blood was obtained. She denied easy bruising, 
and extractions of three wisdom teeth were uneventful. 
There was no family history of a hemorrhagic diathesis. 
Her first pregnancy and delivery with an epidural an- 
esthetic had been uncomplicated apart from an unin- 
vestigated swollen right knee during the ninth month, 
blood loss of 250 ml during delivery, and slightly in- 
creased bleeding during the first night. 

The initial prothrombin time was 9.5 seconds (con- 
trol 10 seconds), the activated partial thromboplastin 
time was 50 seconds (control 34 seconds), Ivy bleeding 
time was 9 minutes (normal 5 to 10 minutes), and plate- 
let count was 255,000/mm‘. Fibrinogen was 2.6 gm/L. 
Factor VIII assay was 100%. The factor XI one-stage 
activated partial thromboplastin time activity assay was 
7% of normal but rose to 28% with fresh—frozen plasma 
infusion. This assay is based on the ability of the pa- 
tient’s plasma to correct the prolonged activated partial 
thromboplastin time of known factor XI—deficient 
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plasma. (Normal range for women in the third trimes- 
ter is 51% to 89% of normal.)® She was delivered un- 
eventfully under inhalation anesthesia after receiving 
fresh-frozen plasma. At 1%, 8, and 18 months post 
partum, factor XI activity assays were 6%, 9%, and 8% 
of normal, respectively. A third pregnancy terminated 
in spontaneous abortion. When she was 3, 7, and 8 
months into her fourth pregnancy, the factor XI assays 
were 14%, 6%, and 8% of normal, respectively. Im- 
mediately before this delivery, factor XI was 4% but 
rose to 19% with fresh-frozen plasma. The patient re- 
mains symptom free 6 years after this fourth preg- 
nancy. 


Comment 


Spontaneous hemarthrosis in patients with factor XI 
deficiency is very rare, and the presence or absence of 
bleeding symptoms seems to be consistent within a fac- 
tor XI—deficient kindred rather than related only to 
the individual patient’s factor XI level.'* Factor XI de- 
ficiency is most commonly found in Ashkenazi Jews and 
symptomatic bleeding is found equally distributed be- 
tween homozygous and heterozygous individuals." *° 

Our patient’s parents were free of symptoms and 
were never tested for factor XI activity, but her re- 
peated factor XI assays of <15% would suggest that 
she is homozygous for the deficiency.” However, she, 
like her parents, never had any hemorrhagic tendency 
until the episodes of hemarthrosis that occurred during 
pregnancy. The degree of postpartum bleeding after 
her first delivery was not sufficient to suggest a coag- 
ulopathy, and it did not delay her discharge from the 
hospital or trigger laboratory investigation. 

Factor XI assays and bleeding tendency in this dis- 
order do not correlate well; therefore it is difficult to 
assign a hemostatic level in factor XI—deficient patients 
before surgery or delivery." * Consequently, serial lab- 
oratory tests fail to aid in assessing intelligently the 
amount of fresh-frozen plasma needed to ensure he- 
mostasis. 
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In our series of 21 factor XI—deficient women, 17 
have been delivered of 41 children while their factor 
XI status was unknown. Only six of these deliveries 
(one of which involved twins) were alleged by the pa- 
tient to be complicated by excessive bleeding. No blood 
transfusions were known to be given. Three patients 
had normal childbirth but bled with either tooth ex- 
traction or surgical procedures. : 

Phillips et al.* have demonstrated a gradual but sta- 
tistically significant fall in factor XI during the second 
and third trimester compared with the level in non- 


pregnant women. In the third trimester the range for ` 


factor XI was 51% to 89% whereas the normal non- 
pregnant range was 83% to 133%.° This reduction in 
factor XI is not such that bleeding would be expected. 
Our patient was shown to have similar factor XI levels 
during and outside pregnancy. The reason for factors 
XI and XIII to fall in pregnancy while other coagu- 
lation factors rise is not clear. Phillips et al. speculate 
that it may be.a protective mechanism to decrease an- 
tepartum thrombotic episodes.’ 

In summary, a silent case of factor XI deficiency pre- 
sented with hemarthrosis late in pregnancy. Uneventful 
delivery occurred after infusion of fresh-frozen plasma. 


Correction 
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Factor XI supplement was advised because of the spon- 
taneous hemarthrosis near term. In our experience 
women with factor XI deficiency tolerate childbirth 
without catastrophic hemorrhage and will not need 
fresh-frozen plasma; however, fresh-frozen plasma 
may be warranted for pregnant women with factor XI 
deficiency and a bleeding history or indications of ob- 
stetric complications. 
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Current Development 


Hydatidiform mole: Cytogenetically unusual cases and their 


implications for the present classification 
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Norio Walke, M.D. 


Glostrup/Copenhagen, Denmark, London, England, Pittsburgh, Pennsylvania, and Sapporo, Japan 


Unusual observations in hydatidiform moles are of clinical importance as well as of theoretical interest 
when the present subgrouping into partial or complete moles is evaluated, particularly in view of the more 
malignant potential of the latter. The purpose of the present review is to summarize, update, and evaluate 
information on moles with unusual karyotypes or origins. The important factor in the evolution of partial or 
complete moles appears to be the ratio of maternal to paternal chromosomes and not the ploidy of the 
tissue. Complete hydatidiform moles develop from androgenetic conceptions while partial hydatidiform 
moles develop from those conceptions in which the number of paternal sets of chromosomes exceeds the 
number of maternally derived sets. Rare cases inconsistent with this concept emphasize the value of 
examining morphologic features, cell ploidy, and genetic markers when one is ———— to classify 


hydatidiform moles. (Am J OBSTET GYNECOL 1987;157:180-4.) 
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Hydatidiform moles are separated into at least two 
distinct entities on the basis of morphologic and cyto- 
genetic characteristics.'* Complete hydatidiform mole 
has widespread cystic swelling of the villi, it lacks the 
presence of fetal elements, and the chromosomal origin 
is by diploid androgenesis, that is, all 46 chromosomes 
are paternally derived.*"' Partial hydatidiform mole has 
villous morphologic features ranging from normal villi 
to pronounced cystic dilatation, is accompanied by a 
fetus, or presents evidence of the previous existence of 
a fetus by the presence of erythroblasts.'* The chro- 
mosomal constitution is generally triploid with the extra 
chromosomal complement of paternal origin.’*: " 

Continuing research on the cytogenetics of hydatidi- 
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form mole in an attempt to elucidate possible cytoge- 
netic markers of increased malignant potential has re- 
vealed occasional numeric aberrations indicating a 
more complex genetic background of hydatidiform 
mole than outlined above. Reports on rare diploid, par- 
tial hydatidiform mole* * and complete hydatidiform 
mole comprising genetic markers consistent with a nor- 
mal conception’* '* support suggestions of more than 
two subgroups. 

The purpose of the present review is to summarize 
and evaluate information on unusual moles cited in the 
literature and observed by us, which deviate cytoge- 
netically from the concepts of paternally derived trip- 
loid partial hydatidiform mole and diploid complete 
hydatidiform mole of androgenetic origin. Combin- 
ing the experiences of four institutions with a well- 
established interest in the genetic background of hy- 
datidiform mole, we hope to shed further light on the 
significance of outstanding cases on the present clas- 
sification of hydatidiform mole. 


Tetraploid hydatidiform moles 


Cytogenetic studies of molar tissue are usually made 
on cultured cells. Such studies have revealed some cases 
in which the molar tissue was tetraploid (Table I). Mak- 
ino et al.ꝰ have previously described tetraploid cells in 
direct preparations of molar tissue, although they 
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Table I. Tetraploid hydatidiform moles 


Morphologic 
Series Year Karyotype Origin appearance 


Jacobs et al.® 1978 85,XXXX 
Sheppard et al.” 1982 92,XXXX 
Surti et al.’® 1986 92, XXXY 
92,XXXY 
Vejerslev et al.'® 1987 91,XXXX,—4 
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Markers 
examined 
P. P. P.P Complete Q 
P, Pp.p, m Partial (?) Q, C, l.a., enz. 
P,p,p,m Partial Q 
P, p, p, m Partial Q 
P. P. p, m Complete Q, AgNOR 





p = Paternal haploid set; m = maternal haploid set; Q = quinacrine banding; C = C banding; l.a. = lateral asymmetry; 


enz. = isoenzymes; AgNOR = silver staining. 


found that tetraploid cells occurred rarely in normal 
villi. In 1978 Jacobs et al. reported a 92,XXXX tet- 
raploid complete mole with the major mode at 85 to 
86 and a minor cell line in the 55 to 57 range. Chro- 
mosome polymorphisms showed all chromosomes to 
be paternally derived and the karyotype observed was 
probably superimposed on a basic 46,XX pattern. 
True tetraploidy has been observed in three molar 
specimens.’® '® All three cases had chromosomal mark- 
ers indicating one maternal and three paternal contri- 


butions. The mechanisms involved in the origin of these . 


cases are most likely fertilization of a normal, haploid 
ovum by three sperm or by two sperm, one of which 
is diploid. Two cases had morphologic features of a 
partial hydatidiform mole” and one had morphologic 
characteristics resembling a complete hydatidiform 
mole.’ One case with a similar genetic constitution has 
been described by Sheppard et al.” Macroscopically this 
specimen appeared to be a partial mole but on micro- 
scopic investigation there was no trophoblastic hyper- 
plasia, considered to be an essential feature for a di- 
agnosis of hydatidiform mole. However, trophoblastic 
hyperplasia in partial moles is focal and during the first 
trimester it is often indistinguishable from physiologic 
hyperplasia. Thus the diagnosis of partial mole cannot 
be excluded in this case. 


Triploid hydatidiform moles 


Moles that are triploid are generally partial and com- 
prise two paternal and one maternal set of chromo- 
somes. However, two types of exception to this have 
been described. 

Triploid androgenesis. To our knowledge only 
two cases of triploid androgenesis have been ob- 
served'™ (Surti U, unpublished observations). One had 
a 69,XXY karyotype with all chromosomes of paternal 
origin according to Q markers. In the second the 
karyotype was 70,XXY,+7 and the paternal origin 
was indicated by chromosomal heteromorphisms af- 


ter QM banding and AgNOR staining. Both were ` 


morphologically complete moles, which is consistent 
with an androgenetic origin of the chromosome com- 
plements. 

Maternally derived triploids. Three maternally de- 


rived triploids in 54 cases of morphologically partial 
moles were initially described by Jacobs et al." On a 
recent revision these specimens were reclassified as hy- 
dropic degeneration in spontaneous abortion (Szulman 


AE, personal communication). 


Diploid hydatidiform moles 


Complete diploid moles have been found to have 
entirely paternal chromosomes, showing a 46,XX*"! or 
46,XY chromosome constitution.” *°*! The origin of ho- 
mozygous 46,XX moles is most likely the consequence 
of the fertilization of an “anucleate” egg by a haploid 
sperm with subsequent doubling of the chromosome 
number.”® :%!! A few cases (3% to 13%) of androgenetic 
diploid moles show heterozygosity indicating fertiliza- 
tion by dispermy. These may be 46,XY*?""! or 46,XX 
moles.*:*° Well-defined series on cytogenetics in molar 
pregnancies show a close relation between diploid an- 
drogenesis and morphologically complete moles. How- 
ever, some exceptions have been described in the lit- 
terature or observed by the authors. 

Cytogenetically normal conceptions (Table II). 
Complete moles having genetic markers consistent with 
a normal conception present an intriguing problem. 
The first case was reported by Jacobs et al. in 1980. 
The authors subsequently reported that this specimen 
fell morphologically into a separate category.” Nu- 
cleated erythrocytes were present in the placental cap- 
illaries, indicating the existence of a fetomaternal cir- 
culation, which is not in accordance with the pathologic 
features of a complete mole. 

Vejerslev et al.** found a complete, heterozygous 
46;XY mole showing genetic markers compatible with 
a normal conception. A maternal and a paternal con- 
tribution to the genome was observed both by chro- 
mosome marker analysis and by HLA typing. Davis 
et al."° cultured molar tissue from eight cases for cy- 
togenetic investigation. Four were suitable for chro- 
mosome marker analysis, and of these the two infor- 
mative cases were consistent with a normal conception. 

As evidenced by the difficulty of culturing tissue from 
complete moles, as reported in larger series,® !!: 13 28. 29 
a “normal” cell line may be more adaptable to in vitro 
culture conditions than a cell lire originating from dip- 
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Table II. Diploid hydatidiform moles with maternal and paternal contributions 





Jacobs et al.” 1980 46,XX 


Davis et al.'s 1984 - 46, XX a m 
46,XY p,m 
- Vejerslev et al.?™ 1987 46,XY p,m 


Morphologic 
Year Karyotype Origin ` appearance 


Complete Q 
Hydatidiform mole Q 
Hydatidiform mole Q 
Complete 






— Markers examined 


Q, C, ANOR, P oMa ACP,, EsD, HLA 


p = Paternal haploid set; n = maternal haploid set; Q = quinacrine banding; C = C banding; PGM, = phosphoglucornutase; 
AgNOR = silver staining; ACP, = acid phosphatase; EsD = esterase D; HLA = tissue antigens. 


loid androgenesis. Thus the observation of chromo- 
some polymorphisms exclusively consistent with nor- 
mal gestation may indicate a twin gestation in which 
only the normal cell line was identified, the androge- 
netic cell line failing to grow in culture. This is less 
likely in the case of Vejerslev et al.** where genetic 
heteromorphisms consistent with a normal conception 
were observed in both cultured and uncultured ma- 
terial. . 

Diploid partial moles. In a series of 23 molar spec- 
imens investigated cytogenetically and morphologically 
Szulman and Surti? described diploidy in 11 complete 
moles and triploidy in 11 partial moles. However, in 
one morphologically partial mole with a diploid karyo- 
type, in contrast to the triploidy expected, trophoblastic 
inclusions and scalloping of the villi were absent. The 
possibility of maternal contamination was ruled out. 
The origin of the chromosome complements was not 
available. The authors considered the possibility of a 
third group comprising diploid partial moles. 

To our knowledge morphologically partial moles 
have not been described in association with diploidy 
arising by androgenesis. Chromosome polymorphisms 
were not investigated in the case of Szulmian and Surti’ 
or in the three cases of diploid partial moles described 
by Teng and Ballon.” This raises some other possibil- 
ities for the observation of diploid partial moles besides 
a third subgroup. The 46,XX karyotype would be ex- 
pected in all cultures in which molar cells are outgrown 
by contaminating maternal cells. This has been ob- 
served during extended in vitro culture of molar tissue 
(Fisher RA, Vejerslev LO, et al., unpublished obser- 
vations). Again twin gestation in which only the normal 
line, and not the molar line, was identified in culture 
could be an explanation for these results. Without the 
benefit of full analysis of chromosomal polymorphisms 
it is not possible to establish a causal relationship be- 
tween the karyotype and the morphologic changes 
observed. 

Twin gestation (Table III). Conceptions comprising 
diploid androgenesis and a normal conception as evi- 
denced by chromosomal markers have been reported 
in seven cases?*® ((Table III). In five cases a fetus was 
present and twin pregnancy was observed by the study 


of polymorphisms in oth fetal and placental tissue. In 
one case a normal 46, XY chromosome constitution was 
found in a culture from a homogeneous complete mole 
from which a homozygous, androgenetic 46,XX cell 
line was also derived.” These cases require special at- 
tention because of the possibility of a misdiagnosis of 
a partial miole instead of a complete mole accompanied 
by a normal twin. 


Hypoploid or hyperplold moles 

TheSe are occasionally observed in larger series com- 
prising cytogenetic investigations of hydatidiform 
moles.!* !3 14. '8 The information obtained by chromo- 
somal marker analysis indicates that an extra, pater- 
nally derived chromosome complement is the major 
feature correlated with hydatidiform mole irrespective 
of single chromosome aberrations. No single chromo- 
some was preferentially involved. Assuming that the 
supernumerary paternal chromosome set is of major 
importance to hydatidiform mole, the presence of an 
extra chromosome of maternal origin would be of spe- 
cial interest. In a paternally derived triploid mole hav- 
ing an extra chromosomie 21, this chromosome was of 
maternal origin arising from a failure at the first meiotic 
division. Morphologically the characteristics of a partial 
mole were present:!® Thus hypotriploidy or hypertrip- 
loidy having two paternal and one maternal chromo- 
some compiements could conveniently be regarded as 
triploid partial moles not deserving a special cytoge- 
netic status at present. 

In diploid androgenetic complete moles having a su- 
pernumerary chromosome, neither outstanding mor- 
phologic features nor extraordinary malignant se- 
quelae have been reported.” Trisomy in association 
with one maternal and one paternal chromosome sets 
appears cytogenetically on the borderline, closer to 
nonmolar abortion than to mole. Morphologically, 
however, some of these do fulfill the criteria for partial 
mole (Szulman AE, personal communication; Wake N, 
unpublished observations). 

Monosumy X has been reported in a complete mole 
by Berkowitz et al.* and in a partial mole by Jacobs 
et al.” However, either cytogenetic marker analysis was 
inconclusive or the possibility of mislabeling of the spec- 
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Table III. Twin gestations: Cytogenetic markers indicating diploid androgenesis and normal gestation 






Series 

Honda et al.” 1980 46,XY 
Fisher et al.”! 1982 46, XY 
Ohama et al.” 1985 46,XY 
- 46,XX 

Vejerslev et al.” 1986 46,XX 
46,XY 

Surti (unpublished observations) 1986 46,XX 





Markers examined 





m,p 46,XX p.p HLA 

m,p 46,XX Pp Q, G, C 
m,p 46,XX p,p PGM,, EsD 
m,p 46,XX P.P PGM, 3, EsD 
m,p 46,XX p.p Q, AgNOR 
m,p 46,XX p.p Q, AgNOR 
m,p 46,XX p.p 





m = Maternal haploid set; p = paternal haploid set; HLA = tissue antigens; Q = quinacrine banding; G = G banding; C = 
C banding; PGM, = phosphoglucomutase; EsD = esterase D; AgNOR = silver staining. 


imen was noted. Alternatively these cases may repre- 
sent the loss or gain of a chromosome in diploid, an- 
drogenetically derived complete moles. This could have 
been an in vitro or an in vivo phenomenon. 


Comment 


Occasional reports of unusual observations generally 
have little impact on nomenclature on the basis of re- 
sults of larger series. However, it is of clinical impor- 
tance as well as of theoretical interest to evaluate the 
correlation between atypical moles and the present 
subgrouping into partial and complete moles, partic- 
ularly in view of the more malignant potential of the 
latter. With increasing experience in general and in- 
formation on more cases of aberrant hydatidiform 
moles, some intriguing observations seem to be more 
readily explained. 

Tetraploid conceptuses with duplication of both ma- 
ternal and paternal chromosomes indicating a failure 
at the first cleavage division of the zygote are occasion- 
ally observed in nonmolar abortions, whereas three pa- 
ternal and one maternal chromosome sets appear to be 
associated with morphologic features resembling par- 
tial moles. 

The presence of three paternal contributions could 
arise by several different mechanisms, the most likely 
being fertilization of an egg by two spermatozoa, one 
haploid and one diploid, because of failure of the first 
or second meiotic division or fertilization of an egg by 
three spermatozoa. In the two cases in which a Y chro- 
mosome was present, all three alternatives are possible, 
whereas the absence of a Y chromosome in two cases 
excluded a diploid spermatozoon with failure at the 
first meiotic division. In these cases a conclusive diag- 
nosis cannot be obtained by chromosome analysis. 
However, examination of sufficient markers makes it 
possible to determine which is statistically more likely, 
as in the case of Sheppard et al.” where the results 
were in favor of an origin by trispermy. 

Chromosome polymorphisms indicating a normal 
diploid conception in morphologically partial or com- 


plete molar placentas are essentially consistent with 


twinning. Thus “diploid, partial” or “normal concep- 
tion, complete” moles do not necessarily imply further 
division of the concept of hydatidiform mole. 

Hydatidiform mole can still be classified into two 
groups, partial or complete. The former is generally 
triploid with two paternal sets of chromosomes but may 
be characterized by tetraploidy with three sets of chro- 
mosomes of paternal origin. Complete moles are gen- 
erally diploid and androgenetic but may be character- 
ized by triploidy or tetraploidy where all chromosome 
complements are paternally derived. As recently pro- 
posed by Surti et al.'* the important factor appears to 
be the ratio of paternal to maternal chromosomes and 
not the ploidy of the tissue. An equal contribution to 
the genome by both parents results in a normal con- 
ception, and a maternal contribution to the genome 
with excess paternal contributions leads to the devel- 
opment of a partial mole, while a purely androgenetic 
conceptus develops the characteristics of a complete 
mole. 

A few cases, such as the tetraploid mole with maternal 
contribution but complete molar morphologic features, 
do not fit these criteria. Since partial moles combine 
features of a normal conception and those of a complete 
mole,” it can sometimes be difficult to distinguish 
pathologically between a partial mole and a complete 
mole or in some cases between a partial mole and a 
nonmolar conceptus, where adequate sampling of the 
tissue is not possible. This may account for the “non- 
molar” histologic diagnosis of the tetraploid case that 
was macroscopically and genetically a partial mole. 

The cytogenetically normal chromosome comple- 
ments of a homogeneous complete molar mass without 
evidence of a previous fetus do not readily fit the theory 
that the ratio of maternal: paternal chromosomes is de- 
cisive in morphologic appearance. However, the theory 
proposed by Kajii and Ohama‘ that doubling of a re- 
cessive mutation accounted for the propensity of hy- 
datidiform moles to become malignant could theoreti- 
cally also be used to explain the development of molar 
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conceptuses. Rare cases of genetically normal concep- 
tions developing as complete moles would then be ex- 
pected. In these cases the possibility of the legal father 
not being the biologic father should also be considered 
and evaluated by application of as many heteromor- 
phisms as available. 

An important aspect of the unusual cases is that mere 
statement of ploidy or number of Bar bodies is of lim- 
ited value in the cytogenetic characterization of a molar 
specimen. Chromosome marker analysis seems to be 
an important tool, confirming pathologic diagnosis and 
yielding information on characteristics related to the 
malignant potential, which is not always obtainable by 


macroscopic or microscopic inspection. Markers con- ` 


sistent with a normal conception in homogeneous com- 
plete molar tissue emphasize that cytogenetics and de- 
tailed morphologic appearance are complementary in 
the evaluation of contradictory cases and of less infor- 
mative value when considered in isolation. 
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Magnetic resonance imaging of monkey placenta with 


manganese enhancement 


Helen H. Kay, M.D., Richard C. Knop, Ph.D., M.D., and Donald R. Mattison, M.D. 


Bethesda, Maryland 


Magnetic resonance imaging of pregnant cynomolgus monkeys in the last trimester was done on a 

Picker instrument (Picker International, Inc., Northford, Connecticut) operating at 0.26 tesla. Both 
inversion-recovery and spin-echo proton images were obtained, demonstrating good detail of fetal and 
maternal anatomy. The placenta was particularly easy to identify, and its image was further enhanced by a 
bolus infusion of manganese chloride. Manganese is one of several paramagnetic ions that shortens 
proton relaxation times, and as a result alters signal intensity in magnetic resonance imaging. An infusion 
of 10 mol/kg of manganese chloride was chosen on the basis of an in vitro experiment demonstrating 
shortening of the spin-lattice relaxation time at increasing concentrations of manganese. Additional studies 
showed rapid serum clearance of manganese after an intravenous dose with subsequent rapid uptake in 
the placenta. These results demonstrate that manganese is potentially suitable for studying placental blood 
flow with magnetic resonance imaging. (Am J Osstet Gynecot 1987;157:185-9.) 


Key words: Magnetic resonance imaging, pregnancy, nonhuman primates, placenta, 


manganese chloride enhancement 


Magnetic resonance imaging (MRI) is a noninvasive 
imaging modality that is quickly becoming a popular 
diagnostic tool. The advantage of MRI over other tra- 
ditional imaging techniques is that image acquisition 
does not require ionizing radiation, and differences in 


soft tissue are clearly delineated. The basic principle of 


MRI involves alignment of hydrogen nuclei within the 
subject by an external magnetic field followed by per- 
turbation of this alignment by radio frequency waves. 
The various radio frequency waves are absorbed and 
transferred by the hydrogen nuclei to the molecular 
lattice or other nuclear magnetic moments in the tissue. 
Overall, macroscopic magnetic moments are then mea- 
sured and computer processed to form an image par- 
tially on the basis of (1) the concentration of hydrogen 
nuclei; (2) the spin-lattice and the spin-spin relaxation 
times in different environments within the subject, that 
is, in fat versus muscle versus bone; and (3) the time 
variations between radio frequency perturbation and 
signal acquisition.’ The radio frequency used to probe 
nuclei in the subject or tissue of interest can be modified 
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by the strength of the external magnetic field and by 
the nuclear spin chosen (for example, 'H, “C, “P). In 
addition to imaging, MRI principles can be used as a 
noninvasive method to study blood flow.” 

Because of its noninvasive and nonionizing qualities, 
MRI may be ideal for obstetric imaging, Although there 
are no known significant risks to the fetus, its use in 
obstetrics has been confined mostly to the study of ab- 
normal fetuses.*’ We have chosen to study and establish 
the use of this technique in nonhuman primate preg- 
nancies with special emphasis on the placenta because 
of the eventual possibility of studying blood flow and 
placental function. 

It is known that the proton relaxation times (T, and 
T,) can be shortened in vivo by paramagnetic ions. Such 
ions include manganese, gadolinium, iron, copper, 
nickel, and cobalt.* These ions shorten the relaxation 
rates of the hydrogen nuclei by increasing the efficiency 
of energy transfer from nuclear spins to the surround- 
ing molecular lattice and from nuclear spin to nuclear 
spin. These relaxation rates are characterized by spin- 
lattice and spin-spin measurements, which reflect the 
time taken for the nuclear population to return to equi- 
librium or to the unperturbed state, through interac- 
tions with the environment (spin-lattice) and neigh- 
boring nuclei (spin-spin). As a way of enhancing signal 
intensity and thus contrast, we also studied the effects 
of manganese on the placenta. Manganese was chosen 
because it is a trace metal required for various enzy- 
matic activity.” 
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Fig. 1. Spin-echo sagittal images of pregnant cynomolgus monkey with a repetition tme/ume to 
echo of 900/40 and 1400/40 msec. A, Note that both placental lobes can be visualized with a thin 
portion of amniotic fluid between. The fetal facial features can be easily discerned on this image. 


B, Both cerebral hemispheres and cerebellum are seen. P 
fluid, FB = fetal brain, S = maternal stomach, VB 


Material and methods 

A Picker magnetic resonance imager (Picker Inter- 
national, Inc., Northford, Connecticut) with a super- 
conducting magnet operating at 0.26 tesla was used in 
these experiments. Both inversion-recovery and spin- 
echo scans were obtained. A spin-echo pulse sequence 
with a repetition time of 600 msec and a time to echo 
of 40 msec was chosen for most of the scans. The images 
were obtained with the animals placed in the head coil. 

Three cynomolgus monkeys in the last trimester of 
pregnancy were imaged with MRI. They were anesthe- 
tized with ketamine (10 mg/kg intramuscularly) and 
pentobarbital (10 to 20 mg/kg intravenously). A butter- 
fly needle was inserted for intravenous access, and this 
was connected to a slow saline solution infusion. The 
monkeys were positioned on their side for imaging. 

Manganese uptake and clearance from serum were 
studied in two nonpregnant cynomolgus monkeys 
and one pregnant monkey. After intravenous access 
and arterial access were established, the monkeys 
were given an intravenous injection of 100 pCi of 
manganese-54, a y-emitting isotope. The isotope was 
in a 0.5 mol/L hydrochloric acid solution that was di- 
luted with buffered saline solution. At various intervals 
spanning 60 minutes, blood samples were withdrawn, 
centrifuged, and 0.1 ml of serum was counted in a 


Placenta, F = fetus, AF = amniotic 


vertebral body, SF subcutaneous fat. 


y-scintillation counter. Results were expressed as counts 
per minute. Immediately after the last sampling at 60 
minutes, the animals were killed with an overdose of 
barbiturate. Tissues were removed from the pregnant 
monkey, weighed and counted in the y-counter to de- 
termine manganese uptake, and expressed as counts 
per minute per gram of tissue. 

To determine the optimal serum concentration of 
manganese for image enhancement, an in vitro exper- 
iment was conducted. Solutions of manganese chloride 
in water were made ranging in concentration from 
1.4 x 10°" to 1.4 x 10 


theoretic serum concentrations of manganese in ani- 


' mol/L. These were taken as 
mals given manganese chloride ranging from 1 X 107” 
to | x 10°* mol/kg. We assumed each animal weighed 
approximately 2 kg, and approximately 70% of the 
weight was body water. Example: 

| x 10°" mol/kg X 2 kg 


| 
= x 10°" mol/L = 
2 kg x 0.70 L/kg 0.70 





1.4 x 10°" mol/L 


Spin-lattice values for each solution were determined 
in a laboratory tabletop nuclear magnetic resonance 
instrument (PS-100, IBM Instruments Inc., Danbury, 
Connecticut), which did not perform spin-spin mea- 
surements. On the basis of these results, a solution of 
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Fig. 2. Serum manganese-54 clearance curves from two non- 
pregnant monkeys (mean) and one pregnant monkey. The 
biexponential equation describing both of these sets of data 
is: 


A(t) = 233.44 exp(—0.759t) + 572.85 exp(— 0.5761) 


derived at with a least-squares curve-fitting program on the 
mathematical modeling laboratory (MLAB) software for the 
DEC 10 computer system at National Institutes of Health. 


manganese chloride, 10 mol/kg, would yield a theo- 
retic serum concentration of 1.4 x 10-7 mol/L, the al- 
most minimal concentration required to shorten the 
spin-lattice measurement. This concentration was cho- 
sen for our image enhancement. We anticipated that 
this serum concentration would enhance placental im- 
aging because the placenta is vascular and rich in mi- 
tochondria. 

Manganese enhancement of placental images was 
tested by infusing 10 mol/kg of manganese chloride 
as a single intravenous bolus into an anesthetized preg- 
nant monkey. Images were taken serially over several 
minutes after injection. The animal was then allowed 
to awaken and was returned to its cage. 


Results 


With inversion-recovery and spin-echo pulse se- 
quences, images were obtained of the pregnant mon- 
key. Coronal, sagittal, and transverse images were ob- 
tained without repositioning. Fig. 1, A and B, demon- 
strates spin-echo images of a pregnant monkey in a 
sagittal view. The intrauterine contents were easily 
identified, including the placenta, the fetus, and the 
amniotic fluid. Maternal structures were also identified, 
including the stomach, marrow in the vertebral bodies, 
and subcutaneous fat, which gave the brightest signals 
because of its high proton content and short spin-lattice 
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Fig. 3. Spin-lattice measurements of manganese chloride so- 
lutions with increasing concentrations. 


Table I. Manganese-54 uptake in pregnant 
cynomolgus monkeys 


Pregnant Nonpregnant 

Tissue (cpm/ gm) (cpm/gm) 
Liver 359,841 383,135 
Spleen 121,127 122,343 
Right kidney 212,676 402,604 
Left kidney 245,782 303,517 
Heart 88,220 67,276 
Muscle 3,172 3,281 
Uterus 14,160 18,902 
Placenta (central) 117,201 
Placenta (marginal) 32,815 
Placenta (marginal) 6,451 





Animals were treated with 100 pCi manganese-54 in 0.5 
mol/L hydrochloric acid solution containing 4 x 10° cpm and 
killed at 60 minutes after treatment. These are the same an- 
imals used for the pharmacokinetic studies illustrated in 
Fig. 2. 


and spin-spin relaxation times. Muscle and bone gave 
lower intensity signals because of their lower proton 
content and longer spin-lattice and spin-spin measure- 
ments. With longer repetition times (Fig. 1, B), the fetal 
brain, which has an abundance of lipid, becomes bright, 
as does the subcutaneous fat. Typically, the cynomolgus 
monkeys have bilobular placentas that were easily iden- 
tified in magnetic resonance images. 

Serum clearance studies of manganese in the preg- 
nant and nonpregnant monkeys were almost identical 
and very rapid. A biphasic clearance pattern is shown 
(Fig. 2). The first phase had a half-life of 0.8 minute 
and represented distribution and rapid clearance from 
the circulation; the second phase had a half-life of ap- 
proximately 130 minutes and represented total body 
excretion of the ion. The rapid serum clearance is a 
result of rapid tissue uptake and renal excretion. The 
liver, spleen, kidneys, and placenta have the highest 
concentration of manganese (Table 1). The central por- 
tion of the placenta, in the region of umbilical cord 
insertion, had higher manganese concentrations than 
peripheral regions. 
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Fig. 4. Spin-echo images of pregnant cynomolgus monkey before and after injection of 10 


umol/kg manganese chloride. A, Before injection. B, Three minutes after injection. C, Five minutes 


after injection. P 


Fig. 3 demonstrates that the shortening of the spin- 
lattice values begins in solutions that have a concentra- 
tion of approximately 1.4 x 10°" mol/L. A serum con- 
centration of 1.4 x 10~° mol/L was aimed for in oui 
imaging studies. This translated to an approximate 
dose of 10 pmol/kg, which assumes that the concen- 
tration of manganese in the placenta itself is close to 
or higher than that in serum. The results after infusion 
of manganese are demonstrated in Fig, 4, A, B, and C, 
after the monkey was injected with 10 pmol/kg of man- 
ganese chloride. Within 5 minutes increased intensity 
was detected from the placenta compared with the sur- 
rounding tissues. The kidney image was also enhanced, 
suggesting renal uptake of manganese. The increased 
placental intensity remained for at least 1 hour and 
only then showed slight decrease. Follow-up scans at 
12, 24, and 48 hours showed persistence of the in- 
creased intensity of the placental image. A scan done 
1 week after the injection showed no remaining en- 
hancement. The architecture within the placenta was 
somewhat better defined with this ion than in nonen- 
hanced images. The internal regions of the placenta 
appeared to become enhanced before the rest of the 
placenta. 


Comment 

The easily identifiable intrauterine contents and the 
clearly defined maternal anatomy on MRI in our stud- 
ies are comparable to the results reported by other 
investigators studying human pregnancies.*’ This de- 
tail is superior to the image generated by ultrasound 


Placenta, K = maternal kidney, SF = subcutaneous tat. 


examination because of low volumes of amniotic fluid, 
which make ultrasound evaluation difficult. Because 
the teratogenic effects, if any, of MRI are unknown, 
the pregnant nonhuman primate may serve as a good 
model for, and prelude to, human pregnancy studies. 

Our results demonstrate the paramagnetic effects of 
manganese in vivo, particularly in the liver, spleen, kid- 
ney, heart, and placenta. Magnetic resonance images 
of these tissues would be enhanced by an infusion of 
manganese. With additional studies this ion may prove 
to be clinically useful in defining the anatomy of certain 
organs (that is, the placenta), and the presence of ab- 
normal space-occupying lesions such as infarcts may be 
more easily detected. 

Interest has centered around the use of manganese 
as an agent for myocardial imaging, since ischemic myo- 
cardium has lower uptake of manganese. '' Man- 
ganese also appears to be a good ion for studying organ 
blood flow, particularly for the placenta, because it is 
so rapidly cleared from the serum. The half-lives from 
these experiments in nonhuman primates compare well 
with the reported half-lives of manganese in dogs"' and 
humans. '* 

However, the use of manganese as an agent for MRI 
may be limited by its local toxicity, since it tends to 
remain in tissue for a long period of time. Repeated 
dosing for multiple imaging studies may further in- 
crease the cumulative effects of the manganese. Man- 
ganese toxicity with neurological and psychotic se- 
quelae have been reported among miners chronically 
exposed to high environmental levels." Taylor and 
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Price" reported a case of nausea and vomiting followed 
by acute pancreatitis in a patient on dialysis who was 
exposed to a manganese-contaminated dialysate. Mor- 
tality has been reported in guinea pigs, but our current 
dose of 10 mol/kg is well below the doses used by 
other investigators (100 to 200 pmol/kg).* ° Chelating 
the ion with ethylenediaminetetraacetic acid, as sug- 
gested by Mendonca-Dias et al.,” may decrease its tox- 
icity by increasing its renal clearance, and this should 
be explored further. Another suggested alternative 
would involve giving manganese orally rather than par- 
enterally.'® 

Regional differences were seen in the MRI of these 
cynomolgus placentas with the central regions appear- 
ing to be enhanced before the rest of the organ. How- 
ever, this was not a striking finding possibly because 
the placenta is vascular and manganese is rapidly dis- 
tributed throughout the organ. Further studies are 
needed, but this paramagnetic ion may prove to be 
useful for studying regional blood flow in the placenta. 

In conclusion, we have been able to demonstrate that 
MRI of the pregnant nonhuman primate is feasible 
with good visualization of maternal and fetal anatomy. 
For our interests the placenta was easily identified. We 
have also been able to demonstrate that manganese, a 
paramagnetic ion, can enhance the image of the pla- 
centa and other organs. An intravenous dose of man- 
ganese chloride (10 pmol/kg) gave prompt enhance- 
ment of the placental image. The rapid flow of blood 
through the intervillous space of the placenta, however, 
makes it appear homogeneous, and its internal archi- 
tecture becomes more difficult to study. Because of its 
rapid serum clearance, manganese may be used to 
study placental blood flow, especially since uptake is 
rapid in that organ. Recent experiments in vitro have 
demonstrated human placental uptake of manganese 
with a subsequent shortening of the spin-lattice mea- 
surement consistent with the observed brightening of 
the placental image in cynomolgus monkeys (Plowchalk 
DR, Jordan JP, Thomford PJ, and Mattison DR, un- 
published observations). This suggests that manganese 
may be useful in human placental MRI. However, the 
use of manganese may be limited by its persistence in 
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the placenta and its potential for toxic side effects, es- 
pecially central nervous system toxicity. 
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Hypoglycemia: How little is too much for the embryo? 


T. W. Sadler, Ph.D., and E. S. Hunter III, Ph.D. 
Chapel Hill, North Carolina 


The effects of hypoglycemia on mammalian embryos undergoing neurulation (third to fourth week of 
human development) were investigated. Mouse embryos were maintained for 28 hours in whole embryo 
culture in serum collected from rats that had received 50 units of 100 United States Pharmacopeia insulin 
units per milliliter. Glucose concentrations used were 40, 60, 80, and 147 mg/dl (normal blood glucose in 
the pregnant mouse is 125 mg/dl). After the culture period embryos were evaluated for malformations and 
growth and compared with those maintained under euglycemic conditions. The results demonstrate that 
glucose concentrations approximately 50% of normal maternal levels were teratogenic but not growth 
inhibitory, whereas concentrations in the range of 30% to 40% of maternal levels were lethal to the 
embryo. Furthermore, a 14-hour exposure to reduced blood sugar in either the first or second half of the 
culture period produced malformations. (Am J Osstet Gynecot 1987;157:190-3.) 


Key words: Hypoglycemia, congenital malformations, embryo, neurulation 


In recent years there has been a proliferation of in- 
vestigations into the factors responsible for the in- 
creased incidence of congenital malformations among 
infants of diabetic mothers. These studies'* have fo- 
cused on factors characteristically altered in the poorly 
controlled insulin-deficient diabetic patient, such as hy- 
perglycemia, ketoacidosis, hypoinsulinemia, and have 
documented that the severity of the disease and the 
adequacy of insulin therapy to control the diabetic state 
play a role in the incidence of congenital defects. Clin- 
ical trials have also documented the link between good 
control and a reduced incidence of malformations, and 
treatment protocols now mandate that strict control of 
the disease instituted before conception and main- 
tained throughout pregnancy will reduce the risk to the 
offspring. Although clinical evidence’ strongly sup- 
ports such an approach, overaggressive attempts to pre- 
vent hyperglycemia may in fact result in a higher fre- 
quency of hypoglycemic episodes, as occurs for ex- 
ample with the use of insulin pumps.” The occurrence 
of such episodes at stages of embryogenesis that are 
sensitive to reduced glucose concentrations could prove 
as disastrous to the well-being of the unborn offspring 
as those factors that are altered when insufficient in- 
sulin is provided. Therefore the teratogenic effects of 
hypoglycemia during the period of neurulation in 
mouse embryos were investigated in the system of 
whole mammalian embryo culture. 
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Material and methods 


Randomly bred ICR mice were maintained on a 12- 
hour-light/12-hour-dark cycle (7:00 Am to 7:00 pM), 
provided with laboratory food and water ad libitum, 
and mated overnight. The next morning presence of 
a vaginal sperm plug was considered evidence of mat- 
ing and was designated day | of pregnancy. On day 9, 
pregnant mice were killed, uterine horns were re- 
moved, and embryos were prepared for whole embryo 
culture in the manner described previously.’ Embryos 
were freed from the uterine horns, and the trophoblast, 
parietal yolk sac, and Reichert’s membrane were re- 
moved with watchmaker's forceps. Only embryos of 
three to five somite pairs were placed into 30 ml culture 
flasks containing 3 ml of medium, gassed with 5% oxy- 
gen, 5% carbon dioxide, and 90% nitrogen, and placed 
on a rotator wheel (30 rpm) at 37° C. 

Culture medium consisted of 75% immediately cen- 
trifuged heat-inactivated rat serum“ and 25% Tyrode's 
solution. Serum was collected from retired breeder 
Sprague/Dawley rats by aortic puncture; anesthetic 
ether was administered. Normoglycemic serum was col- 
lected from untreated rats and had a final glucose con- 
centration of 147 mg/dl. Hypoglycemic serum was ob- 
tained by injecting rats intraperitoneally with 50 units 
of 100 United States Pharmacopeia insulin units per 
milliliter and collecting the serum 3 to 4 hours later. 
Final glucose concentrations from hypoglycemic rats 
were 34 mg/dl. Glucose concentrations in medium used 
for culture were adjusted by diluting serum with Ty- 
rode’s solution, which contained no glucose, and by 
supplementation of the medium with additions of a 
B-p-glucose solution in distilled water (50 mg/ml). Glu- 
cose concentrations were monitored at 0 hours and 28 
hours with a glucose 2 analyzer (Beckman Instruments 
Inc., Fullerton, California). 
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C Table I. Results of experiments in rat embryos 











Glucose concentration 









(mg/dl) Malformations 
147 109 0 9/10 18.2 + 0.2 105.3 + 6.2 
80 54 22 2/9 20.3 + 0.4 99.4 + 6.2 
60 38 90* 9/10 19.8 + 0.3 89.6 + 5.9 
40 28 100* 8/8 — 37.6 + 6.6* 
80—60 78* 8/9 19.2 + 0.6 99.6 + 7.3 
60—80 50* 4/8 19.2 + 0.9 119.8 + 10.8 


J 


PA 


*p < 0.05. 


With the protocols described above, three to five so- 
mite embryos were cultured for 28 hours in medium 
prepared from normoglycemic and hypoglycemic an- 
imals containing different glucose concentrations 
(Table I), that is, 147 mg/dl (normoglycemic) and 40, 
60, and 80 mg/dl (hypoglycemic). In addition, one 
group of embryos was cultured in serum collected from 
hypoglycemic rats but with glucose concentrations ad- 
justed to normoglycemic levels (147 mg/dl). Finally, two 
groups of embryos were transferred after 12 hours 
from medium at one glucose concentration to medium 
at another, that is, one group started in medium at 60 
mg/dl and was then transferred to medium containing 
80 mg/dl, and another group was started in medium 
at 80 mg/dl and then was transferred to medium con- 
taining 60 mg/dl glucose. After 28 hours of culture, all 
embryos were examined under a dissecting microscope 
for malformations, heartbeat and circulation, and total 
somites. Embryos with no heartbeat or circulation were 
termed failed to thrive. Total embryonic protein was also 
determined with the Lowry method. Statistical analyses 
were performed with an analysis of variance. 


Results 


Embryos maintained in serum collected from nor- 
moglycemic rats progressed normally from the three 
to five to 18 to 19 somite stage of development in 28 
hours of culture (Fig. 1). During this time a heartbeat 
and circulation were established and the initially open 
neural tube was completely closed from the cranial re- 
gion down to the last somite pair, where the posterior 
neuropore remained open but appeared normal. Total 
embryonic protein increased to 105 + 6 wg/embryo 
(Table 1). Overall, this growth and development par- 
alleled that observed in embryos in vivo over the same 
time period as has been reported previously.’ 

The morphology and growth of embryos maintained 
in serum collected from hypoglycemic rats were de- 
pendent on the concentration of glucose present (Ta- 
ble I). Thus 75% of embryos cultured in medium ini- 
tially containing 40 mg/dl glucose failed to thrive, and 
all were severely malformed and growth retarded. Em- 


bryos grown in medium initially containing 60 mg/dl 
showed a high incidence of neural tube and facial de- 
fects, although total embryonic protein was not signif- 
icantly less than that observed in embryos maintained 
in normoglycemic medium. Malformations in the 60 
mg/dl group included a lack of closure of the cranial 
neuropore in the forebrain and midbrain regions and 
hypoplasia of the forebrain and maxillary division of 
the first visceral arch (Fig. 2). Embryos maintained in 
medium initially containing 80 mg/dl glucose and those 
grown in serum from hypoglycemic animals supple- 
mented with glucose to concentrations equal to nor- 
moglycemic serum (147 mg/dl) showed no significant 
changes in malformation rates, somite numbers, or to- 
tal embryonic protein compared with embryos cultured 
in medium prepared from non—insulin-treated rats. 
However, two embryos (22%) cultured in medium con- 
taining 80 mg/dl glucose suffered facial defects similar 
to those observed in the 60 mg/dl group, and one of 
these also had an open cranial neuropore. 

In experiments in which embryos were transferred 
after 12 hours either from cultures containing 80 
mg/dl glucose to those with 60 mg/dl or from those 
with 60 to those with 80 mg/dl, malformation rates were 
increased compared with rates in embryos cultured in 
serum from normoglycemic rats or hypoglycemic se- 
rum supplemented with glucose to control concentra- 
tions (147 mg/dl) (Table I). The malformations were 
identical to those observed in the 60 mg/dl group and 
involved the cranial region. No decrease in somite num- 
bers or total embryonic protein was observed in em- 
bryos involved in these transfer experiments. 


Comment 


The period of neurulation in the mouse extends 
from the time of early elevation of the neural folds (day 
8.5; plug day is day 1) to complete closure of the neural 
tube at 25 somites (day 10.5). This stage of development 
is equivalent to days 19 to 28 (after fertilization) in the 
human and represents an extremely sensitive time in 
development when teratogenic insults frequently occur, 
especially among diabetic women.” On the basis of re- 
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Fig. 1. Embryo cultured 28 hours in normoglycemic (147 mg/dl glucose) medium showing 19 to 20 
somite pairs and well-defined brain vesicles and visceral arches. Heart (H), somites (S), optic vesicle 


(arrowhead), (X 132.) 


Fig. 2. Embryo cultured 28 hours in hypoglycemic (60 mg/dl glucose) medium showing 19 to 20 
somite pairs and similar visceral arch development to the specimen in Fig. 1. However, the cranial 
neural folds have failed to close (arrowheads), and the forebrain region and maxillary process are 


hypoplastic (arrows). (X 132.) 


sults from the present study, it appears that hypogly- 
cemia is teratogenic to neurulating embryos and can 
produce growth retardation if the concentration of glu- 
cose is sufficiently reduced. However, the results also 
demonstrate that growth retardation, at least for the 
period of time tested in this study, is not a prerequisite 
for the production of hypoglycemia-induced embry- 
opathies. The observation that the addition of sugar to 
serum from insulin-treated severely hypoglycemic an- 
imals (40 mg/dl glucose) restored normal embryonic 
growth and development demonstrates that the lack of 
glucose is the teratogenic insult. Thus other serum fac- 
tors that might change after administration of insulin, 
such as glucagon, are not producing the malformations 
observed in this study. 

The fact that rodent embryos require glucose in 
whole embryo culture has been reported previously by 


wn and serum from 


investigators using human serum 
unfed rats’ as culture medium. Initial glucose concen- 
trations in these studies varied from 60 to 80 mg/dl, 
which led to malformed and growth-retarded embryos. 
With the addition of exogenous glucose to concentra- 
tions of 120 to 300 mg/dl, normal growth was restored. 
The fact that moderate hyperglycemia is used in em- 
bryo culture is the result of two phenomena. (1) The 
culture technique uses a closed system with a finite vol- 
ume of culture medium, that is, 1 to 5 ml. Therefore, 
as the embryo uses glucose from the medium, the sugar 
is not replaced, and consequently the concentration de- 
creases (Table 1), thereby necessitating the initiation of 
cultures with an adequate supply of sugar to last the 


entire culture period. (2) In most laboratories serum is 
collected from rats by using anesthetic ether, which 
produces stress. In turn, this stress elicits a release of 
epinephrine, which produces a glycogenolytic cascade 
that results in elevated serum glucose concentrations. 
Fortunately, moderate hyperglycemia is not teratogenic 
to rodent embryos in culture.'* " 

From a biochemical standpoint glucose appears to be 
an essential energy source during the earliest stages of 
embryogenesis, that is, gastrulation to early limb bud 
stages." During the period of neurulation greater than 
90% of all glucose used passes through the glycolytic 
pathway and, unlike the situation in adult and fetal 
tissues, is converted aerobically to lactate." Another 
2% of the total glucose consumed is metabolized to 
ribose via the pentose phosphate pathway to be used 
in the de novo synthesis of nucleosides. Finally, only 
0.2% of the glucose used passes through the Krebs’ 
cycle, which has a low activity during neurulation.'® "’ 
Thus glucose plays an important role as an energy 
source and anabolic substrate at these early develop- 
mental stages, and it is not surprising that insufficient 
supplies of this sugar place the embryo at risk of de- 
veloping abnormally. 

It should be noted that all of the work cited has been 
obtained from studies with rodent embryos and not 
humans. In this regard, species differences exist in the 
responses of mouse versus rat embryos to conditions 
of altered glucose concentrations.'* Despite these dif- 
ferences, however, the potential for hypoglycemia to 
disrupt normal mammalian embryogenesis appears 
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likely if glucose concentrations are reduced sufficiently 
during critical phases of development when the sugar 
is an essential metabolic substrate. The degree of hy- 
poglycemia that can be tolerated by the embryo will 
also depend on the duration of exposure to reduced 
blood sugar concentrations. As a point of reference, in 
the mouse normal maternal blood glucose concentra- 
tion is approximately 125 mg/dl and malformations 
were observed in embryos maintained in the range of 
40 to 80 mg/dl (Table I). Thus glucose concentrations 
ranging from 30% to 50% of normal maternal blood 
sugar levels for as little as a 12-hour exposure are det- 
rimental to the rodent embryo during neurulation. 
Therefore, on the basis of this murine model, human 
embryonic development may be at risk if severe epi- 
sodes of maternal hypoglycemia occur during the third 
to fourth weeks of gestation. 


REFERENCES 


I. Horti K, Watanabe G, Ingalls TH. Experimental diabetes 
in pregnant mice. Prevention of congenital malformations 
in offspring by insulin. Diabetes 1966;15:194. 

2. Eriksson U, Dahlstrom E, Larsson KS, Hellerstrom C. 
Increased incidence of congenital malformations in the 
offspring of diabetic rats and their prevention by maternal 
insulin therapy. Diabetes 1982;31:1. 

3. Sadler TW, Horton WE Jr. Effects of maternal diabetes 
on early embryogenesis: the role of insulin and insulin 
therapy. Diabetes 1983;32:1070. 

4, Fuhrman K, Reiher H, Semmler K, Fischer F, Fischer M, 
Glockner E. Prevention of congenital malformations in 
infants of insulin-dependent diabetic mothers. Diabetes 
Care 1983;6:219. 


13. 


14. 


15. 


16. 
17. 


Hypoglycemia-induced embryopathies 193 


. Freinkel N, Dooley SL, Metzger BE. Care of the pregnant 


woman with insulin-dependent diabetes mellitus. N Engl 
J Med 1985;313:96. 


. Gabbe SG. Management of diabetes mellitus in pregnancy. 


AM J OBSTET GYNECOL 1985;153:824. 


. Sadler TW. Culture of early somite mouse embryos dur- 


ing organogenesis. J Embryol Exp Morphol 1979;49:17. 


. Steele CE, New DAT. Serum variants causing the for- 


mation of double hearts and other abnormalities in ex- 
planted rat embryos. J Embryol Exp Morphol 1974; 
31:707. 


. Mills JL, Baker L, Goldman AS. Malformations in infants 


of diabetic mothers occur before the seventh gestational 
week: implications for treatment. Diabetes 1979;28:292. 


. Chatot CL, Klein NW, Piatek J, Pierro L]. Successful cul- 


ture of rat embryos in human serum: use in the detection 
of teratogens. Science 1980;207:1471. 


. Gupta M, Beck F. Growth of 9.5 day rat embryos in hu- 


man serum. J Embryol Exp Morphol! 1983;76:1. 


. Ellington SKL. In-vivo and in-vitro studies on the effects 


of maternal fasting during embryonic organogenesis in 
the rat. J Reprod Fertil 1980;60:383. 

Cockroft DL, Coppola PT. Teratogenic effects of excess 
glucose on headfold rat embryos in culture. Teratology 
1977;16:141. 

Sadler TW. Effects of maternal diabetes on early em- 
bryogenesis: II. Hyperglycemia-induced exencephaly. 
Teratology 1980;21:349. 

Shepard TH, Tanimura T, Robkin MA. Energy metab- 
olism in early mammalian embryos. Dev Biol 1970;4 
(suppl):42. 

Tanimura T, Shepard TH. Glucose metabolism by rat 
embryos in vitro. Proc Soc Exp Biol Med 1970;135:51. 
Neubert D, Peters H, Teske S, Kohler E, Barach HJ. Stud- 
ies on the problem of aerobic glycolysis occurring in mam- 
malian embryos. Naunyn Schmiedebergs Arch Pharmacol 
1971;268:234. 


Cyclooxygenase inhibition reduces placental transfer: 
Reversal by carbacyclin 


Douglas C. Kuhn, Ph.D., and Marie J. Stuart, M.D. 


Syracuse, New York 


The effect of the cyclooxygenase inhibitors, indomethacin and ibuprofen, on diffusional transfer in the 
human placenta was assessed with the dual-perfused isolated placental lobe. Antipyrine, a freely diffusible 
substance, was used as an indicator of placental transfer efficiency. Each inhibitor (100 pmol/L) was 
perfused for 30 minutes after a baseline period, resulting in a significant reduction in antipyrine clearance. 
During a subsequent washout period, ibuprofen-inhibited antipyrine clearance returned to baseline values, 


whereas indomethacin-inhibited clearance remained reduced. An additional 30 minutes perfusion of 500 
mol/L of ibuprofen resulted in a further reduction in antipyrine clearance compared with 100 pmol/L 

of ibuprofen, suggesting a dosage-related effect. The perfusion of each inhibitor caused a reduced 
production of 6-keto-prostaglandin F,, (the stable metabolite of prostacyclin) in the fetal circulation. The 
simultaneous perfusion of carbacyclin//a prostacyclin analogue, at 100 nmol/L and 1 pmol/L resulted in a 
dosage-dependent reversal of the effects of ibuprofen (500 pmol/L) on antipyrine clearance. The results 
indicate that the inhibition of cyclooxygenase activity reduces placental transfer and that the effects of 
these inhibitors are reversed by carbacyclin. This study suggests that the use of cyclooxygenase inhibitors 
during pregnancy could compromise the developing fetus by reducing placental transfer. (AM J OBSTET 


GYNECOL 1987;157:194-8.) 


Key words: Indomethacin, ibuprofen, isolated placental lobe, placental transfer, carbacyclin 


The role of prostacyclin in the regulation of human 
placental blood flow is presently unclear. Two impor- 
tant pathologic conditions in humans, preeclampsia 
and intrauterine growth retardation (IUGR), are as- 
sociated with decreased placental perfusion and a con- 
comitant decrease in prostacyclin production.’ These 
findings led to the suggestion that a balance between 
the vasodilator action of prostacyclin and the vasocon- 
strictor activity of thromboxane A, is necessary for the 
maintenance of normal vascular tone in the pregnant 
human uterus and placenta.’ However, two recent clin- 
ical findings have cast some doubt on this hypothesis. 
First, maternal infusion of prostacyclin in normal preg- 
nancies or pregnancies involving preeclampsia appar- 
ently does not affect fetoplacental blood flow.** How- 
ever, these studies measured only total placental blood 
flow and could not distinguish possible regional shifts 
in flow within the tissue. Therefore effects at the 
maternal-fetal exchange area could not be evaluated. 
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Second, the use of antiplatelet therapy (including cy- 
clooxygenase inhibitors) has been proposed as a ther- 
apeutic modality in pregnancies at risk for preeclamp- 
sia or IUGR.> These studies have suggested that the 
inhibition of prostaglandin synthesis reverses throm- 
bocytopenia and improves the outcome in these patho- 
logic pregnancies. However, no evaluation of placental 
transport or blood flow was conducted. 

Thus current information suggests that prostacyclin 
is necessary for the maintenance of umbilical-placental 
blood flow and that the administration of low dosages 
of cyclooxygenase inhibitors may improve pregnancy 
outcome in pathologic states associated with an imbal- 
ance in prostacyclin and thromboxane A, production. 
A more fundamental knowledge of the role of pros- 
tacyclin as a potential mediator of vascular tone in the 
small vessels of the terminal placental villi, where 
maternal-fetal exchange occurs, appears warranted. 
Moreover, because drug-induced inhibition of cycloox- 
ygenase activity is being advocated in conditions asso- 
ciated with placental insufficiency, the effect of such 
inhibition on blood flow and placental transport needs 
to be investigated. 

With antipyrine as an indicator of diffusional trans- 
fer, we have demonstrated that cyclooxygenase inhib- 
itors significantly reduce placental transfer, and that 
carbacyclin, a prostacyclin analogue, reverses these 
effects. 
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Fig. 1. Perfusion system for an isolated lobe of the human placenta. 


Material and methods 


Effect of cyclooxygenase inhibitors on placental 
transfer. Placentas from uncomplicated term pregnan- 
cies were obtained with informed consent immediately 
after vaginal or cesarean section delivery. Placentas 
from mothers who smoke or from those who ingested 
cyclooxygenase inhibitors in the 2 weeks before delivery 
were excluded from the study. A suitable lobe was iso- 
lated in a perfusion chamber (Fig. 1), and both fetal 
and maternal circulations were reestablished within 20 
minutes of delivery. Isolated lobes were perfused in a 
nonrecirculatirig (open) system with a tissue culture me- 
dium (M199, Gibco, Grand Island, New York) contain- 
ing 30 gm/L dextran. (average molecular weight = 
80,000) and 1 gm/L glucose. 

Perfusate was equilibrated with a gas mixture of 5% 
oxygen, 5% carbon dioxide, and 90% nitrogen, result- 
ing in afferent arterial oxygen levels of 85 to 90 mm 
Hg. This gas mixture was chosen to avoid the toxic 
effects of hyperoxia on the perfused tissue. High oxy- 
gen levels have been shown to cause placental vasocon- 
striction and may also inhibit vascular prostacyclin pro- 
duction.’ Although placental oxygen consumption in 
these preparations (1.5 to 1.7 ml/min/kg) is lower than 
the level reported by other investigators” who used 
buffered perfusates that contained whole blood, it is 


comparable to systems that use air or 95% oxygen in 
perfusates without whole blood or red blood cells.” 8 
Indeed, our-preliminary data suggest that hyperoxia 
(95% oxygen) results in reduced prostacyclin synthe- 
sis, increased placental vascular pressure, and re- 
duced antipyrine clearance in the perfused placental 
lobe. 4 
A fetal flow rate of 7.5 ml/min and a maternal fldw 
rate of 10.2 mi/min resulted in afferent pressures of 
25 to 40 arid 5 to 15 mm Hg, respectively. Afferent 
pressures were monitored continuously, and fetal af- 
ferent and efferent flow rates were determined to be 
equal, which confirmed the integrity of the fetal cir- 
culation. This preparation has been validated through 
analysis of tissue histology, hydrogen-3—dextran exclu- 
sion, carbon-14—leucine transport, B human chorionic 
gonadotropin production, and the stability of perfusate 
pH, oxygen, and carbon dioxide partial pressures. 
Each circulation was flushed with 300 ml of perfusate 
before every experiment. Antipyrine (30 mg/L), a 
freely diffusible substance, was added to the maternal 
afferent circulation 15 minutes before each experiment 
as a marker of placental transfer efficiency. Cyclooxy- 
genase inhibitors (indomethacin and ibuprofen, 100 
mol/L) were perfused through both afferent circu- 
lations after a 30-minute baseline period. The concen- 
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Table I. Effects of cyclooxygenase inhibitors on placental antipyrine clearance 


Inhibitor tested 


Indomethacin 1.92 
(n = 5) (0.23) 
Ibuprofen 2.20 
(n = 4) (0.12) 


Inhibitor 
Baseline (100 mol/L) Wash 


Inhibitor 
(500 pmol/L) 
1.454 | 1.27% 
(0.19) (0.25) S 
1.83* 2.30 1.47} 
(0.13) (0.07) (0.28) 





Data presented as mean antipyrine clearance in milliliters per minute (+ SEM). Significance determined by randomized complete 
blocks in analysis of variance in conjunction with Dunnett’s procedure to test differences from baseline values (*p < 0.05; 


tp < 0.01). 


Clearance = 


[Fv] x Qf 


[Ma] 


where [Fv] = antipyrine concentration in fetal vein; Qf = fetal flow rate; [Ma] = antipyrine concentration in maternal artery. 


tration of ibuprofen used in this study is comparable 
to peak serum concentrations (approximately 150 
mol/L) after administration of a single 400 mg tablet. 
However, because indomethacin is a time-dependent 
cyclooxygenase inhibitor,’ we used a concentration 
higher than would be expected after administration of 
a 25 mg capsule (approximately 6 pmol/L) to obtain 
effects in a short period of time. Perfusion of a drug- 
free medium was conducted for the final 30 min- 
utes (washout period) to determine if the effects on 
antipyrine clearance and the production of 6-keto- 
prostaglandin F,, were reversible. In the case of ibu- 
profen (a reversible cyclooxygenase inhibitor’), two 
dosages were tested so that an additional 30-minute 
perfusion period with 500 pmol/L of ibuprofen was 
conducted after the washout period. These latter ex- 
periments were conducted to determine if effects on 
antipyrine clearance were dosage-related. | 

Samples of fetal venous perfusate were collected at 
the end of each 30-minuté period and subjected to 
spectrophotometric analysis of antipyrine concentra- 
tion’® and specific radioimmunoassay (RIA) of 6-keto- 
PGF,,. Antibody was obtained from Seragen, Inc. 
(Boston), and IgG sorb was used as the precipitating 
agent. Samples for 6-keto-PGF,, analysis were partially 
purified with Sep-pak C-18 reverse-phase cartridges 
(Waters Chromatography Division, Millipore, Milford, 
Massachusetts), and 6-keto-PGF,,, was eluted with 80% 
acetonitrile in 0.1% acetic acid. Samples were further 
purified by reverse-phase high performance liquid 
chromatography with a Beckman high performance 
liquid chromatography system (Beckman Instruments, 
Inc., Fullerton, California) and a C-18 reverse-phase 
column. Prostaglandins were separated in a mobile 
phase of 35% acetonitrile in 0.1% acetic acid at a flow 
rate of 1.1 ml/min. The 6-keto-PGF,, peak was collected 
and subjected to RIA. 

Effect of a prostacyclin analogue on placental trans- 
fer. In further experiments, the effect of carbacyclin, 
a synthetic analogue of prostacyclin, on ibuprofen- 


inhibited placental transfer was assessed. After a 
30-minute baseline period, ibuprofen (500 pmol/L) was 
added to both afferent circulations. Perfusion was con- 
tinued for 30 minutes, then carbacyclin (100 nmol/L) 
was added to both circulations for the subsequent 30 
minutes, followed by carbacyclin (1 mol/L) for the 
final 30 minutes. These concentrations of carbacyclin 
are similar to those necessary to elicit effects on aden- 
osine diphosphate—induced platelet aggregation and 
rat systemic arterial blood pressure.’ Samples of fetal 
effluent were collected at the end of each 30-minute 
period and analyzed for antipyrine concentration. 

_ Data are expressed as mean (+SEM) values and sta- 
tistical significance compared with baseline values de- 
termined by randomized complete blocks in analysis of 
variance and Dunnett’s analysis. © 


Results 


Effect of cyclooxygenase inhibitors on placental 
transfer. The data presented in Table I demonstrate 
the effect of indomethacin (100 pmol/L) and ibuprofen 
(100 and 500 pmol/L) on antipyrine clearance in the 
perfused placental lobe. Each cyclooxygenase inhibitor 
reduced the transfer of antipyrine from the maternal 
to the fetal circulation. Antipyrine clearance remained 
reduced after the washout of the time-dependent, 
irreversible? (or at least slowly reversible’*) cyclooxy- 
genase inhibitor, indomethacin. Ibuprofen, a rapidly 
reversible, competitive inhibitor of cyclooxygenase, 


- produced no persistent effect on antipyrine clearance 


after the washout period. In addition, perfusion of 500 
wmol/L of ibuprofen after the washout period caused 
a further reduction in antipyrine clearance compared 
with 100 pmol/L of ibuprofen, suggesting a dosage- 
related effect. Data from RIA of 6-keto-PGF,, (Fig. 2) 
showed that perfusion of indomethacin (100 pmol/L) 
or ibuprofen (500 pmol/L) completely inhibited 6-keto- 
PGF... production in the placental vascular bed and that 
inhibition by ibuprofen was completely reversed af- 
ter the washout period. However, the production of 
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Table II. Effect of carbacyclin, a prostacyclin 
analogue, on ibuprofen-inhibited 
antipyrine clearance 


Ibuprofen + Carbacyclin | + Carbacyclin 
Baseline | (500 pmol/L) | (100 nmol/L) (1 pmol/L) 


2.14 1.62* 1.94} 2.15 
(0.16) (0.16) (0.14) (0.19) 
n=5 -7 


Data presented as mean antipyrine clearance in milliliters 
per minute (+ SEM). Significance determined by randomized 
complete. blocks in analysis of variance in conjunction with 
Dunnett’s procedure to test differences from baseline values 
(*p < 0.01; tp < 0.05). 


6-keto-PGF,, recovered to only 30% of its baseline value 
after the washout of the indomethacin. 

Effect of a prostacyclin analogue on placental trans- 
fer. Table II demonstrates the effects of the prosta- 
cyclin analogue, carbacyclin, on ibuprofen-inhibited 
antipyrine clearance. Inhibition of antipyrine clearance 
by ibuprofen (500 pmol/L) was partially reversed by 
simultaneous perfusion of 100 nmol/L of carbacyclin 
and completely reversed by 1 pmol/L of carbacyclin. 

Pressure in the fetal afferent portion of the perfusion 
system was continuously monitored in all experiments. 
In 12 of 14 experiments, fetal afferent pressure in- 
creased 1 to 3 mm Hg during perfusion of cyclooxy- 
genase inhibitors and returned to baseline values dur- 
ing the washout period (with the exception of the 
indomethacin-treated preparations in which pressure 
remained elevated after washout). In the remaining two 
experiments, fetal afferent pressure remained un- 
changed throughout the experiment. In addition, si- 
multaneous perfusion of carbacyclin with ibuprofen re- 
sulted in a dosage-related return of increased pressure 
to baseline values. 


Comment 


The results of the present study suggest that pros- 
tacyclin may be an important mediator of placental 
transfer through its action as a vasodilator in the pla- 
cental vascular bed. In the dual-perfused human pla- 
cental lobe, a decrease in prostacyclin synthesis reduced 
diffusional transfer, as measured by the clearance of 
the freely diffusible substance antipyrine and in most 
cases increased fetal afferent pressure. A role for pros- 
tacyclin in placental transfer is further strengthened by 
the observation that its analogue, carbacyclin, reversed 
the effects of cyclooxygenase inhibition on antipyrine 
clearance. Although antipyrine is a weak inhibitor of 
cyclooxygenase (IC = 4.5 mmol/L versus cyclooxy- 
genase with arachidonic acid as substrate"), the lower 
concentration used in our experiments (0.16 mmol/L) 
had no such effect on 6-keto-PGF,, production. 

Prostacyclin is produced by endothelial cells of um- 
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Fig. 2. Effect of cyclooxygenase inhibitors on 6-keto- 
prostaglandin Fia production in the fetal placental vasculature. 
Levels of 6-keto-PGF,, in fetal effluent were determined by 
specific radioimmunoassay after a 30-minute baseline period, 
following a 30-minute perfusion with 100 pmol/L of indo- 
methacin (0 - - - - o) or 500 pmol/L of ibuprofen (a—1), and 
following a final 30-minute washout period. 


bilical vessels and may play a major role in the relax- 
ation of umbilical vessels and the prevention of platelet 
adherence to intact endothelium. The synthesis of pros- 
tacyclin is significantly related to umbilical blood flow, 
as measured by ultrasonography in pregnant women 
and subsequent superfusion of the umbilical arteries" 
but not to intervillous blood flow, as measured by the 
xenon-133—itsotope method." Prostacyclin synthesis is 
reduced in the umbilical circulation of patients with 
severe preeclampsia, IUGR, and chronic hyperten- 
sion,’ another indication that this metabolite is involved 
in the regulation of umbilical blood flow. However, the 
role of prostacyclin in the circulation of the placental 
vascular bed, particularly in the capillaries of the ter- 
minal villi, has not yet been determined partially be- 
cause of the inability to study the in vivo situation and 
the difficulty in separating placental cell types in vitro. 

The results presented here are an initial insight into 
what effect the reduction in synthesis of a mediator of 
vascular dynamics in the maternal-fetal exchange area 
may have on the movement of nutrients to the devel- 
oping fetus. Our results suggest that the transfer of 
substances across the placenta by simple diffusion (oxy- 
gen, carbon dioxide, steroids, nucleosides, some elec- 
trolytes, fat-soluble vitamins, fatty acids) may be re- 
duced as a result of decreased prostacyclin synthesis. 
However, a reduction in feta] blood flow through the 
maternal-fetal exchange area may also reduce the 
movement of substances transferred by other mecha- 
nisms (for example, facilitated diffusion, active trans- 
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port). This possibility is presently under study. In ad- 
dition, other vasoactive prostanoids (such as PGD,) and 
nonprostanaid agents (angiotension II, bradykinin, his- 
tamine) also may be involved in vascular dynamics in 
the placenta, and the interaction of these substances 
may confer a native vascular tone. : 

The results of experiments demonstrating that the 
prostacyclin analogue, carbacyclin, can reverse the ef- 
fects of cyclooxygenase inhibition serve to strengthen 
the suggestion that prostacyclin plays a role in the reg- 
ulation of placental transfer. These results may have 
implications for the treatment of placental insuffi- 
ciency. Although two recent studies** have failed to 
demonstrate an effect on placental blood flow after 
infusion of prostacyclin in normal patients or patients 
with preeclampsia, these studiés monitored only inter- 
villous and umbilical blood flow and therefore may have 
been unable to detect important changes in flow 
through the placental capillary bed. Because vascular 
shunts are present in the capillary network of placental 
villi, it may be possible to redirect fetal blood flow past 
the maternal-fetal exchange area, thereby reducing 
placental transfer without significant effects on umbil- 
ical blood flow: These studies used relatively unstable 
prostacyclin in an attempt to alter placental blood flow, 
whereas a stable analogue may prove to be more ef- 
fective. In addition, maternally-administered prosta- 
cyclin may not exert effects in the placental vascular 
bed, since it may not cross the placenta. However, pre- 
liminary results from our laboratory (we used gas 
chromatography—mass ‘spectrometry analysis of car- 
bacyclin in fetal effluent) suggest that carbacyclin is 
readily detectable in fetal-effluent after administration 
in the maternal afferent circulation. 

Finally, the effects of indomethacin and ibuprofen 
on prostacyclin synthesis and placental transfer dem- 
onstrated in this study reconfirm the need for caution 
in the use of cyclooxygenase inhibitors during preg- 
nancy. Several of these substances readily cross the 
placenta" and have been shown to inhibit prostacyclin 
synthesis in the umbilical cord. In pathologic pregnan- 
cies in which prostacyclin synthesis is reduced relative 
to that of thromboxane Ag, inhibition of cyclooxygenase 
may be beneficial in reducing thromboxane Ay, pro- 
duction and thereby restoring a balance between these 
mediators of vasodilation and vasoconstriction. How- 


ever, our studies suggest that the inhibition of cycloox- 


ygenase may reduce placental transfer and may there- 
fore compromise the developing fetus. Furthermore, 
these studies present the possibility that prostacyclin 
analogues may increase placental transfer in situations 
in which prostacyclin synthesis and placental blood flow 
are reduced and therefore may serve as an effective 
therapeutic approach in the treatment of pathologic 
pregnancies. 
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Beneficial effects of U-63,557A, a thromboxane 
synthetase inhibitor, in an ovine model of 


pregnancy-induced hypertension 


James C. Keith, Jr., D.V.M., Ph.D., Craig D. Thatcher, D.V.M., M.S., Ph.D., and 


Robert G. Schaub, Ph.D. 
Blacksburg, Virginia, and Kalamazoo, Michigan 


Pregnancy-induced hypertension was induced in five ewes (gestational day 135; term 150 days) by 72 
hours of food deprivation. Maternal arterial pressure, uterine blood flow, platelet furction, renal function, 
and plasma levels of 6-ketoprostaglandin F,, and thromboxane B, were measured before and during 
hypertension and after three intravenous injections of U-63,557A; sodium 5-(3’-pyridinylmethyl) 


. benzofuran-2-carboxylate, monohydrate (30 mg/kg every 8 hours). Blood pressure increased (p < 0.03), 


and returned to normal after U-63,557A. Left uterine artery blood flow increased afier U-63,557A 

(p < 0.03). Creatinine clearance decreased during hypertension (p < 0.03) and increased after U-63,557A. 
Urine protein increased during hypertension (p < 0.03) and decreased after treatment. Platelet count 
dropped during hypertension (p < 0.03) and was elevated after treatment. Collagen lag phase decreased 
during hypertension (p < 0.03) and increased after treatment. After U-63,557A, 6-ketoprostaglandin F,, 
levels were higher (p < 0.04) than baseline or hypertensive values. Administration of a thromboxane 
synthetase inhibitor caused resolution of hemodynamic, renal, and coagulation dysfunctions that occurred 
in ovine pregnancy-induced hypertension. (AM J OBsTET GYNECOL 1987;157:199-203.) 


Key words: Pregnancy-induced hypertension, U-63,557A, thromboxane synthetase inhibitor, 


sheep 


Key pathophysiologic roles for prostacyclin defi- 
ciency'* and/or thromboxane A, excess*® have been 
suggested in pregnancy-induced hypertension. Re- 
cently we described an ovine model of pregnancy- 
induced hypertension,® and we have reported prelim- 
inary data that document beneficial effects of prosta- 
cyclin in our model.’ In this study we investigated the 
effects of U-63,557A, sodium 5-(3'-pyridinylmethyl) 
benzofuran-2-carboxylate, monohydrate, a selective 
thromboxane synthetase inhibitor, in five gravid ewes 
in which hypertension had been induced. 


Material and methods 


Eight pregnant ewes were obtained and conditioned 
to metabolism crates. At gestational days 125 to 128 
(term 150 days), the ewes were sedated with intrave- 
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nous pentobarbital (6 mg/kg) and placed in a right lat- 
eral recumbent position. General anesthesia was in- 
duced and maintained with 1.5% methoxyflurane and 
oxygen was delivered via an endotracheal tube. A Swan- 
Ganz thermal dilution catheter (Elecath) was placed 
percutaneously in the pulmonary artery via the exter- 
nal jugular vein for measurement of cardiac output, 
and a catheter was placed in the descending aorta via 
the carotid artery for arterial pressure measurement. 
A laparotomy was performed in the left paralumbar 
fossa, and a square-wave electromagnetic flow probe 
(Biotronex Laboratory, Inc.) was placed around the left 
uterine artery for qualitative measurement of uterine 
blood flow. Three ewes carried single lambs in the left 
horn of the uterus. The laparotomy incision was then 
closed, and anesthesia was discontinued. Catheters 
were affixed to the neck with a bandage and were 
flushed daily with heparinized saline solution. All ewes 
received 10 mg/kg ampicillin three times a day intra- 
muscularly for 3 days. 

Two ewes that were carrying triplets died within 
2 days of operation of fulminating eclampsia induced 
by the stress of the surgical procedure. This is consistent 
with the disease as seen in clinical veterinary practice, 
in that ewes carrying more than two fetuses are ex- 
tremely susceptible to fulminating eclampsia and death 
if placed under stress. To date, the only effective treat- 
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Table I. Maternal mean arterial pressure and left uterine artery blood flow (mean +SE) 


Posttreatment 


108.33 + 2.95* 88.33 + 5.40 


260.25 + 55.85 320.31 + 54.26* 





Mean arterial pressure 92.24 + 2.05 
(mm Hg) 
Left uterine artery blood flow 236.95 + 32.65 
(ml/min/lamb) 
*p < 0.03. 


Table II. Creatinine clearance and urine protein (mean + SE) 





Creatinine clearance 1.46 + 0.10 0.71 + 0.16% 1.09 + 0.23 
(ml/min/kg) 
Urine protein 40.94 + 18.50 62.86 + 18.90* 34.17 + 16.54 
(mg/dl) 
*p < 0.03. 


ment for ovine toxemia of pregnancy has been prompt 
and immediate delivery of the fetuses, and this always 
results in fetal death due to prematurity. Since the clin- 
ical course is almost invariably fatal to both mother and 
fetuses if delivery is not accomplished, each animal 
served as its own control. No ewes were deprived of 
food to induce hypertension and then not treated. 
After allowing approximately 3 to 7 days for post- 
surgical stabilization, baseline recordings of the follow- 
ing parameters were taken every 12 hours during a 
48-hour period in six instrument-manipulated ewes, 
beginning on gestational day 135: (1) maternal mean 
arterial pressure, (2) cardiac output, (3) total peripheral 
resistance, and (4) left uterine artery blood flow. Blood 
samples were taken for determination of serum cre- 
atinine, blood urea nitrogen, electrolytes, total protein, 
serum glutamic oxaloacetic transaminase, and glucose. 
Urine was sampled for determination of protein con- 
centration. Samples were analyzed in the clinical pa- 
thology laboratory of the Virginia-Maryland Regional 
College of Veterinary Medicine Veterinary Teaching 
Hospital. Jugular blood samples (4.5 ml) were collected 
into 0.5 ml of cold 3.8% sodium citrate and 50 pg of 
indomethacin, centrifuged at 3000 x g for 15 minutes, 
and then frozen at — 70° C until analyzed for throm- 


boxane B, and 6-ketoprostaglandin F,, by radioim- 


munoassay. 

The levels of 6 ketoprostaglandin F,, and thrombox- 
ane B, were determined from 300 wl aliquots of unex- 
tracted plasma by the use of Amersham commercial 
radioimmunoassay kits. Highly specific radioimmuno- 
assays, which consisted of competitive binding of ra- 
dioactive and natural thromboxane B, or 6-ketopros- 
taglandin F,, to a highly specific antibody, were used. 
Dextran-coated charcoal was used to separate the 
bound from the free fraction. The least detectable con- 
centrations of 6-ketoprostaglandin F,, and thrombox- 


ane B, were 5 pg per tube. Between-assay variation for 
both compounds was <10%, and within-assay variation 
for both was <5%. Fifty percent binding of the stan- 
dard curves was 51.33 pg for 6-ketoprostaglandin Fi 
and 27 pg for thromboxane B». 

Another venous blood sample (9.0 ml) was drawn 
into 1 ml of 3.2% sodium citrate, and platelet counts 
and platelet aggregation testing were performed man- 
ually and in a Payton dual-channel platelet aggregom- 
eter, respectively. Complete platelet aggregation studies 
are reported elsewhere.® After the platelet blood sam- 
ples were drawn, the syringes were gently inverted sev- 
eral times for adequate distribution of the citrate, and 
then the samples were transferred to capped polypro- 
pylene tubes. A 20 pl sample was taken from each tube 
for determination of the whole-blood platelet count. 
The tubes were allowed to sit at room temperature for 
20 minutes and then centrifuged at 150 x g for 12 
minutes; platelet-rich plasma was collected. Platelet- 
poor plasma was derived by centrifugation at 4000 X g 
for 15 minutes. The platelet-rich plasma platelet counts 
were adjusted to 250,000/mm’ by the addition of 
platelet-poor plasma, and the platelet aggregation re- 
sponse to collagen (Bio/Data Corporation) was assessed. 
The platelet-rich plasma was stirred at 800 rpm for 
2 minutes, and collagen was then added at a final con- 
centration of 0.19 mg/ml. The time from collagen ad- 
dition until platelet aggregation began was measured 
in seconds (collagen lag phase) and used as an indicator 
of platelet sensitivity and reactivity. 

Glomerular filtration rate was estimated by an ex- 
ogenous creatinine clearance procedure. Creatinine 
was administered intravenously at a rate of 400 
mg/min for 1C minutes. After a steady-state plasma 
concentration of creatinine (15 mg/dl) was achieved, 
the rate was lowered to 200 mg/min and a 20-minute 
urine collection was taken via a Foley catheter placed 
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Table III. Platelet counts and collagen lag phase (mean + SE) 


Posttreatment 





Platelet count 316.17 + 20.9 230.60 + 25.75* 313.20 + 37.56 
(x 1000/mm‘) 

Collagen lag phase 30 + 4.75 9.6 + 5.45* 46.8 + 20.94 
(second) 

*p < 0.03. 
Table IV. Selected serum biochemical values (mean + SE) 

Glucose (mg/dl) 49.14 + 6.28 30.32 + 3.49 40.18 + 4.95 

Blood urea nitrogen 22.11 + 3.78 23.3 + 4.29 34.43 + 5.13 
(mg/dl) 

Creatinine (mg/dl) 1.72 + 0.30 1.90 + 0.24 2.41 + 0.27 





in the bladder. Creatinine clearance was calculated as 
previously described.’ , 

After these baseline studies, ovine pregnancy- 
induced hypertension was induced by 72 hours of 
food deprivation, and selected parameters were mon- 
itored every 12 hours. When the clinical signs were 
manifest, complete recordings and testing were re- 
peated. Pregnancy-induced hypertension was defined 
as: (1) hypertension, a mean arterial pressure elevation 
of >15 mm Hg; (2) significantly increased urine pro- 
tein; (3) decreased glomerular filtration rate and uter- 
ine blood flow; (4) depression and/or seizures. Hyper- 
tension was induced in five of the six ewes by 72 hours 
of food deprivation. The sixth ewe did not develop any 
clinical or biochemical signs of toxemia of pregnancy 
after 5 days of food deprivation. Necropsy revealed that 
this ewe carried only one lamb. 

The five ewes were treated with U-63,557A (30 
mg/kg every 8 hours), administered intravenously (ges- 
tational day 140). U-63,557A was obtained in crystalline 
form from The Upjohn Company and dissolved in 
0.9% saline solution at a final concentration of 200 
mg/ml. It was stored at 4°C and administered in a bolus 
fashion. Treatment continued for 24 hours. Eight 
hours after the third intravenous injection, complete 
recordings and testing were repeated. The ewes were 
then allowed to feed and observed until lambing time. 

Each animal served as its own control and statistical 
analysis was accomplished by paired ¢ test comparisons 
and an analysis of variance. A p value of <0.05 was 
considered significant. 


Results 


Table I summarizes changes in selected hemody- 
namic parameters measured in this study. Hyperten- 
sion occurred after as little as 24 hours of food depri- 
vation in three of five ewes and by 72 hours in the two 
remaining ewes. The three ewes that manifested hy- 


pertension quickly carried twins, while the other three 
ewes carried single lambs. Mean arterial pressure in- 
creased 18.3% and was significantly different from 
baseline and posttreatment levels (p < 0.03). In this 
study, left uterine artery blood flow did not change 
significantly with the onset of hypertension. However, 
after three doses of U-63,557A, left uterine blood flow 
was increased 35% over baseline values (p < 0.03). 

Renal dysfunction (Table II) occurred with the onset 
of hypertension and resulted in a 51% decrease in glo- 
merular filtration rate, estimated by creatinine clear- 
ance (p < 0.03). After administration of U-63,557A, 
glomerular filtration rate increased 25% and was not 
significantly different from baseline values (p > 0.05). 
Concurrent with the decrease in renal function, urine 
protein levels rose 54% (p < 0.03). Administration of 
U-63,557A reduced urine protein secretion to baseline 
levels. 

Platelet function was altered during hypertension 
(Table III). Platelet counts dropped 27% with the onset 
of hypertension (p < 0.03) and returned to normal af- 
ter treatment with the thromboxane synthetase inhib- 
itor. Platelet sensitivity to collagen activation increased 
during toxemia (p < 0.03) and was normalized by ad- 
ministration of the thromboxane synthetase inhibitor. 

Less dramatic changes occurred in biochemical pa- 
rameters that were studied (Table IV). Food depriva- 
tion caused a drop in glucose levels, which then recov- 
ered somewhat after drug administration but before 
feeding. However, none of the changes was significant. 
Both blood urea nitrogen and creatinine tended to rise 
after drug administration but these changes were not 
significant. 

Plasma 6-ketoprostaglandin F,, and thromboxane B, 
levels are shown in Table V. At baseline the ratio of 6- 
ketoprostaglandin F,, to thromboxane B, in plasma was 
1:2.25. Since both 6-ketoprostaglandin F,, and throm- 
boxane B, are eliminated via glomerular filtration, er- 
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Table V. Plasma 6-ketoprostaglandin F,, and thromboxane B, levels (mean + SE) 


6-Ketoprostaglandin Fia 48.06 + 6.93 
(pg/ml) 

Thromboxane B, 108.08 + 13.50 
(pg/ml) 


Posttreatment 
35.66 + 18.73 96.77 + 26.16% 
68.1 + 17.78 80.71 + 25.8 





*Higher than baseline or hypertensive values, p < 0.04. 


roneously high levels would be reported if the de- 
creased glomerular filtration rate was not considered. 
Therefore at the time of hypertension and after treat- 
ment the raw values for these parameters were trans- 
formed with the use of the ratio of the glomerular 
filtration rate during hypertension or after treatment 
to the baseline glomerular filtration rate, thereby ne- 
gating recirculation of the compounds due to lowered 
clearances. During hypertension both 6-ketoprosta- 
glandin F,, and thromboxane levels tended to decrease, 
but neither reduction was significant. Eight hours after 
the last dose of U-63,557A, thromboxane B, levels were 
not significantly different from baseline or hyperten- 
sive levels. However, 6-ketoprostaglandin F,, levels had 
increased 101% and were higher than baseline and hy- 
pertension values (p < 0.04). 

Treatment with U-63,557A appeared to improve the 
neurological function of the ewes, which were de- 
pressed and exhibited generalized muscle tremors be- 
fore drug administration. After treatment, they be- 
came more responsive, alert, and muscle tremors dis- 
appeared. 

Four ewes delivered live lambs at day 148, and one 
ewe, which died of a cerebral arterial thrombus (a com- 
plication from the arterial pressure line), was judged 
to be carrying a live single lamb at the time of death. 
In this study, fetal monitoring was not accomplished, 
but the lambs were carefully observed at birth for any 
adverse effects. All were vigorous, healthy, and con- 
tinue to thrive. Current studies underway in our lab- 
oratory have included fetal heart rate monitoring, and 
signs of fetal distress noted during hypertension have 
resolved after U-63,557A administration (work in 
progress). 


Comment 


The administration of U-63,557A was beneficial in 
terms of correcting hemodynamic, coagulation, and re- 
nal dysfunctions in this ovine model. The observations 
concerning decreased mean arterial blood pressure and 
concurrent increased left uterine artery blood flow 
were of particular interest. Some researchers, using 
sheep as a model for uterine blood flow, believe that 
the uterine arteries function as maximally dilated con- 
duit vessels and that sudden drops in arterial driving 
pressure might decrease uteroplacental perfusion.’ 


However, we saw increased left uterine artery blood 
flow when blood pressure was reduced. This increase 
may indicate that uteroplacental resistance was de- 
creased in response to thromboxane synthetase inhi- 
bition. However, we did not measure total uteropla- 
cental blood flow or resistance, and thus this is only 
indirect evidence. 

After treatment, renal function returned to normal 
levels and the urine output of the ewes remained good 
throughout subsequent pregnancy. The values for glo- 
merular filtration rate in chronically instrumented 
pregnant ewes that we report are lower than those pre- 
viously reported.’? We also report a more profound 
decrease in glomerular filtration rate than reported in 
earlier studies of ovine pregnancy toxemia.'? Serum 
creatinine levels tended to rise slightly, but not signif- 
icantly, after treatment. This may have been in response 
to serial creatinine clearance procedures performed 24 
hours apart or may have been in response to increased 
muscle catabolism during food deprivation. Urine pro- 
tein increased as glomerular filtration rate decreased 
and then decreased after therapy with U-63,557A. Al- 
though these changes were significant, additional stud- 
ies are needed to determine normal urine protein levels 
in pregnant sheep. 

Platelet!" !? and coagulation’ abnormalities occur in 
women with pregnancy-induced hypertension, and 
marked platelet changes occurred in the present stud- 
ies. Enhancement of thromboxane pathway activity in 
platelets has been observed in placental insufficiency 
syndromes such as pregnancy-induced hypertension." 
It may have been present in our sheep since adminis- 
tration of the thromboxane synthetase inhibitor in- 
creased platelet counts and normalized in vitro platelet 
function. Although it is tempting to suggest that throm- 
boxane A, excess may be crucial in the development of 
the platelet and hemodynamic derangements in this 
model, we did not see sharp increases in thromboxane 
B, levels. Instead we report a slight, but insignificant, 
decrease in both thromboxane B, and 6-ketoprosta- 
glandin F,, levels during hypertension. Even more in- 
teresting is the fact that 8 hours after the third dose of 
U-63,557A, thromboxane B, levels were not different 
from baseline or hypertension values, but 6-ketopros- 
taglandin F,, levels were increased 101% over baseline 
values, thus supporting the concept of shunting sub- 
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strate from thromboxane synthetase to prostacyclin 
synthetase via thromboxane synthetase inhibition. 

One likely possibility for the pathophysiologic mech- 
anism that induces our model of pregnancy-induced 
hypertension may be the development of an imbalance 
in the prostacyclin : thromboxane A, ratio caused by the 
ketonemia that develops in food-deprived, gravid 
ewes.” ° Increased levels of circulating free fatty acids 
have been reported to decrease prostacyclin survival 
time in human plasma,” and this may be occurring in 
our model. Retrograde infusion of B-hydroxybutyrate 
into the uterine arteries of gravid ewes has decreased 
uterine blood flow.'® The imbalance induced by keto- 
nemia may initiate a positive feedback cycle that then 
maintains and intensifies the prostacyclin : thrombox- 
ane A, imbalance as the result of further reductions in 
uteroplacental perfusion. 

In summary, infusion of U-63,557A in sheep with 
ovine pregnancy-induced hypertension resulted in 
amelioration of coagulation, hemodynamic, renal, and 
neurological clinical signs. The indirect mechanism for 
this action seemed tobe the result of a 101% increase 
in prostacyclin levels. The exact mechanism of this phe- 
nomenon remains to be elucidated. 


The technical assistance of Mark Grossman, Willie 
McCain, Megan Wilson, and Vicki Rowe is appreciated. 
The ewes were supplied by Whitehouse Farms, Luray, 
Virginia. 
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Disposition of acute, multiple-dose ethanol in the near-term 


pregnant ewe 


James F. Brien, Ph.D., David W. Clarke, M.Sc., Graeme N. Smith, B.Sc., 


Bryan Richardson, M.D., and John Patrick, M.D. 
London and Kingston, Ontario, Canada 


The disposition of ethanol and its proximate metabolite, acetaldehyde, was determined in seven conscious 
instrumented pregnant ewes (127 to 132 days of gestation; term, 147 days) for intravenous infusion of four 
dosages of 0.5 gm ethanol/kg maternal body weight, administered over 5 hours tc the mother. The 
maternal and fetal blood had ethanol concentrations that were maxima! at 5 hours and were virtually 
identical during the 24-hour study. There was delayed transfer of ethanol into the amniotic and allantoic 
fluids during the dosing period, followed by higher ethanol concentrations in these fluids during the 
elimination phase compared with fetal blood. The ethanol elimination rate was similar for the four biologic 
fluids. Acetaldehyde concentrations in the four fluids were a thousandfold less thai the respective ethanol 
concentrations. The maternal blood acetaldehyde concentration was greater than ihat in fetal blood. The 
data indicate that for a binge-type drinking episode during near-term pregnancy, there is unimpeded 
bidirectional placental transfer of ethanol.between the mother and the fetus; the amniotic fluid surrounding 
the fetus is a reservoir for ethanol in-utero; elimination of ethanol from the maternal-fetal unit is regulated 
by maternal hepatic biotransformation of ethanol; and there is appreciable acetald2hyde-oxidizing capacity 
in the maternal liver and at extrahepatic sites. (AM J OBSTET GYNECOL 1987;157:204-11.) 


Key words: Multiple-dose ethanol, acetaldehyde, disposition, pregnant ewe 


Ethanol ingestion during pregnancy can produce a 
wide range of effects on the developing embryo-fetus. 
Epidemiologic studies have established that chronic 
consumption of ethanol during pregnancy is terato- 
genic (fetal alcohol syndrome) and increases the risk of 
spontaneous abortion." * The neonatal growth retar- 
dation observed in the fetal alcohol syndrome! and the 
incidence of spontaneous abortion’ appear to be dose- 
related. It has been reported’ that ingestion of a single 
low dose of ethanol by women in the third trimester 
of pregnancy decreased fetal breathing movements 
without affecting fetal — rate and gross body 
movements. 

Studies of the mechanisms of the teratogenic and 
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fetotoxic effects of maternal ethanol ingestion have in- 
cluded the investigation of the pharmacokinetics of eth- 
anol in the maternal-fetal unit. Most studies to date 
have focused on the pharmacokinetics of a single low 
dose of ethanol administered to near-term pregnant 
experimental animals. These investigations have dem- 
onstrated similar ethanol concentrations and kinetics 
of ethanol elimination for the mother and the fetus*’ 
and differential disposition of ethanol in amniotic 
fluid,* 7 which may serve as a reservoir for ethanol 
in utero, thereby providing a second route of fetal ex- 
posure to ethanol. 

It has not been established whether the pharmaco- 
kinetics of ethanol during pregnancy are dose-related. 
However, it has been reported® that for intravenous 
bolus infusion of high-dose ethanol into the anesthe- 


tized pregnant monkey, the ethanol concentration in 


fetal blood was about one third that in maternal blood. 
These data indicate that the pharmacokinetics of low- 
dose and high-dose ethanol may be different. 

It is controversial whether acetaldehyde, the proxi- 
mate metabolite of ethanol, plays a role in the fetal 
alcohol syndrome and ethanol-induced fetotoxicity.* *° 
Technical difficulties involving artifactual acetaldehyde 
formation during sample analysis have limited the in- 
vestigation of the pharmacokinetics of ethanol-derived 
acetaldehyde and its possible involvement in the fetal 
effects of maternal ethanol administration. 

In view of the incomplete elucidation of the dispo- 


Volume 157 
Number 1 


sition of ethanol during pregnancy for different dosage 
regimens, the objective of the present study was to de- 
termine the pharmacokinetics of ethanol and its me- 
tabolite, acetaldehyde, in the maternal-fetal unit for 
administration of high-dosage ethanol to the mother, 
given as multiple dosages on one day, to mimic a binge- 
type drinking episode. This investigation was con- 
ducted in the conscious instrumented near-term preg- 
nant ewe, which has been used extensively in studies 
of the pharmacokinetics of drugs in the maternal-fetal 
unit," and an analytical procedure that minimizes ar- 
tifactual acetaldehyde formation was used to measure 
ethanol-derived acetaldehyde concentrations in the bi- 
ologic fluids." 


Material and methods 


Experimental animals. All animals were cared for in 
compliance with the principles and guidelines of the 
Canadian Council on Animal Care. Experiments were 
performed on seven dated mixed-breed pregnant ewes 
and their fetuses between 127 and 132 days of gestation 
(term, 147 days). Three ewes had singleton pregnan- 
cies, and four ewes had twins. The singleton fetus or 
one of the twins of each ewe was surgically prepared 
for study at least 4 days before experimentation. An- 
esthesia was induced in each ewe by intravenous ad- 
ministration of 40 mg of sodium thiopental; after in- 
tubation, anesthesia for surgery was maintained with 
1.5% to 2% halothane and a 1:1 mixture of nitrous 
oxide and oxygen at a flow rate of 1 L/min with closed- 
circuit ventilation. Under sterile conditions, the uterus 
was exposed and opened through a lower abdominal 
midline incision. The fetus was partially exteriorized 
during the surgical instrumentation. Electrodes of 
stainless steel Teflon-coated wire within polyvinyl cath- 
eters were implanted biparietally on the dura for 
electrocorticographic recording, through the orbital 
ridge of the zygomatic bone of each eye for electro- 
oculographic recording and over the sternum for fetal 
heart rate recording. A reference electrode was placed 
in the loose connective tissue overlying the occipital 
bone of the skull. Polyvinyl catheters were placed in 
the sagittal sinus, the brachiocephalic artery via a fore- 
limb axillary artery, the inferior vena cava via a hind- 
limb tarsal vein, and a hindlimb femoral artery. A cath- 
eter was placed in the trachea, and two catheters were 
placed in the amniotic cavity and secured to a fetal 
forelimb and hindlimb. The fetus was repositioned in 
the amniotic cavity, and the uterus was closed. A cath- 
eter was inserted into the allantoic sac, which surrounds 
the amniotic sac, via a small incision in the uterine horn, 
and was secured with a purse-string suture. The cath- 
eters, filled with heparinized saline solution, and the 
electrodes were exteriorized through the flank of the 
ewe, and the abdomen was closed in layers. Polyvinyl 


Ethanol disposition in near-term pregnant ewe 205 


catheters then were placed in a maternal femoral artery 
and femoral vein. At the time of surgery, | gm of di- 
hydrostreptomycin and 800,000 units of penicillin G 
were injected intramuscularly into the ewe. After the 
uterus was closed, 1 million units of penicillin G was 
injected into the fetal tarsal vein and amniotic Cavity. 
To control pain after surgery, 100 mg of meperidine 
was administered intramuscularly to the ewe. Admin- 
istration of antibiotics was continued daily for 3 days. 
After surgery the ewes were housed in individual cages 
suitable for continuous monitoring and were provided 
with food and water ad libitum during the recovery 
period and experimentation. All catheters were flushed 
daily. ‘This experimental animal preparation was used 
to study simultaneously the pharmacokinetics and 
pharmacodynamics of ethanol in the maternal-fetal 
unit. The effects of maternal ethanol administration on 
fetal breathing activity, brain and cardiovascular func- 
tion, acid-base status, cerebral metabolism, and organ 
blood flow will be reported separately. 

Experimental protocol. Four dosages of 0.5 gm eth- 
anol/kg maternal body weight were infused into the 
maternal vena cava of each ewe over a 5-hour period. 
Each dosage, as a 40% volume of solute per volume of 
solvent solution (Alcohol, Liquor Control Board of On- 
tarlo), was administered by an infusion pump over 0.5 
hour, and there was a 1]-hour interval between each 
dosage to allow extravascular distribution of ethanol in 
the maternal and fetal compartments before each suc- 
ceeding dosage.” The ethanol dosage regimen was ini- 
tiated between 9:30 and 11:00 am. A 0.25 ml aliquot 
of each of the following: maternal arterial blood from 
the maternal femoral artery, fetal arterial blood from 
the fetal brachiocephalic artery, amniotic fluid, and 
allantoic fluid was collected before ethanol infusion 
(0 hour), during the 5-hour period of administration 
of the four ethanol dosages (0.5, 1.5, 2.0, 3.0, 3.5, 4.5, 
5.0 hours), and hourly thereafter until 24 hours. All 
seven ewes were studied for 24 hours. Because of dif- 
ficulties in maintaining patency of the catheter in the 
allantoic cavity, reliable monitoring of the allantoic fluid 
for 24 hours was only possible in three ewes. All samples 
were analyzed for ethanol and acetaldehyde on the day 
of experimentation. 

Analysis of ethanol and acetaldehyde. A headspace 
gas-liquid chromatographic procedure requiring 100 
ul of sample was used for the quantitation of ethanol 
and acetaldehyde, in which artifactual acetaldehyde 
formation was minimized during sample preparation.’” 
The overall accuracy of the procedure was 99.5% + 
1.1% (SE) for ethanol and 105.3% + 3.3% (SE) for 
acetaldehyde, and the within-day coefficient of varia- 
tion of the method did not exceed 6.8% for ethanol 
and 3.9% for acetaldehyde. The lower limit of quan- 
titative sensitivity was 0.005 mg/ml ethanol and 0.10 
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Fig. 1. Ethanol concentration—time curve for maternal arterial blcod (MAB) of the near-term preg- 
nant ewe (n = 7) during and after maternal administration of ethanol. The data are expressed as 
the mean + SD. Four dosages of 0.5 gm ethanol/kg maternal body weight (W) were administered 
by maternal intravenous infusion over 5 hours, with each dosage infused over 0.5 hour followed by 


a l-hour interval before the next dosage. 


ug/ml acetaldehyde. The measured acetaldehyde con- 
centrations were corrected for any artifactual acetal- 
dehyde formation during sample preparation and gas- 
liquid chromatographic analysis as described previ- 
ously.'? All samples were analyzed in duplicate. 

Data analysis. The ethanol and acetaldehyde con- 
centrations and pharmacokinetic data are presented 
as the mean + SD. The kinetic parameters, maxi- 
mum initial velocity (Vinx, milligrams X milliliters~! x 
hours~'), and Michaelis constant for ethanol (Ky, mil- 
ligrams per milliliter) for in vivo biotransformation of 
ethanol were calculated from the maternal arterial 
blood ethanol concentration—time curve of each ani- 
mal. The data were fitted to the one-compartment open 
model with intravenous infusion and Michaelis-Menten 
elimination kinetics using the pharmacokinetic analysis 
program PCNONLIN (Statistical Consultants, Inc., 
Lexington, Kentucky) with the ethanol concentrations 
yee Ucn 
(ethanol concentration)” 
each animal the ethanol elimination rate (milligrams x 
milliliters"! x hours~') of the apparent linear portion 
of the elimination phase of each of the maternal arterial 
blood, fetal arterial blood, amniotic fluid, and allantoic 
fluid ethanol concentration—time curves was deter- 
mined from the slope of the line of best fit, calculated 
by least-squares linear regression analysis. Statistical 
comparison of the ethanol (and acetaldehyde) concen- 
tration data for maternal arterial blood, fetal arterial 
blood, amniotic fluid, and allantoic fluid was conducted 
at each time interval by repeated measures, one-way 
analysis of variance, followed by Newman-Keuls test if 


weighted according to For 


~“ 


a significant F ratio was obtained (p < 0.05). The eth- 
anol elimination rate data for maternal arterial blood, 
fetal arterial blood, amniotic fluid, and allantoic fluid 
were compared by one-way analysis of variance. The 
maximum velocity and ethanol elimination rate of the 
apparent linear phase of the maternal arterial blood 
ethanol concentration—time curve were compared by 
Student’s / test for paired data (two-tailed). Two groups 
of data were considered to be statistically different 
when p < 0.05. | 


Results 


The mean ethanol concentration—time curve for ma- 
ternal arterial blood of seven near-term pregnant ewes 
during and after maternal administration of four 
doses of 0.5 gm ethanol/kg maternal body weight 1s 
presented in Fig. 1. The maternal arterial blood ethanol 
concentration was maximal (2.492 + 0.456 mg/ml) at 
the end of the 5-hour period of ethanol administration 
and then decreased rapidly during the 5- to 8-hour 
interval, which indicated extravascular distribution of 
ethanol from the maternal systemic circulation. During 
the 8- to 24-hour interval, the maternal arterial blood 
ethanol concentration decreased more slowly, and this 
elimination phase was characterized by an apparent 
linear phase and a terminal curvilinear phase, which 
was consistent with Michaelis-Menten kinetics of eth- 
anol elimination.” Because hepatic biotransformation 
is the major route of ethanol elimination in adult mam- 
malian species," the kinetic parameters, maximum ve- 
locity and Michaelis constant, for in vivo biotransfor- 
mation of ethanol were: calculated from the maternal 
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Fig. 2. Ethanol concentration—time curves for maternal arterial blood (MAB) and fetal arterial blood 
(FAB) of the near-term pregnant ewe (n = 7) during and after maternal administration of ethanol. 
Other denotations are described in the legend to Fig. 1. 
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Fig. 3. Ethanol concentration—time curves for maternal arterial blood (MAB) and amniotic fluid (AF) 
of the near-term pregnant ewe (n = 7) during and after maternal administration of ethanol. Other 


denotations are described in the legend to Fig. 1. 


arterial blood ethanol concentration—time curve. The 
maximum velocity was 0.141 + 0.020 mg: ml~'- hr7!, 
and the Michaelis constant for ethanol was 0.056 + 
0.044 mg/ml (1.23 + 0.96 mmol/L), which is similar to 
the Michaelis constant of 1 to 2 mmol/L ethanol for 
adult mammalian liver alcohol dehydrogenase." 

The mean ethanol concentration—time curves for fe- 
tal arterial blood and maternal arterial blood were vir- 
tually identical throughout the 24-hour study (Fig. 2), 
and the maximal fetal arterial blood ethanol concen- 
tration (2.524 + 0.439 mg/ml) occurred at 5 hours. 


These data were indicative of rapid bidirectional pla- 
cental transfer of ethanol between the mother and the 
fetus. 

The mean ethanol concentration—time curves for 
amniotic fluid and maternal arterial blood are pre- 
sented in Fig. 3. Transfer of ethanol into amniotic fluid 
was delayed, as reflected by the significantly lower eth- 
anol concentration in amniotic fluid compared with ma- 
ternal arterial blood and fetal arterial blood (Fig. 2) 
(p < 0.05) during the 5-hour period of maternal eth- 


anol administration. The maximal amniotic fluid eth- - 
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Fig. 4. Ethanol concentration—time curves for amniotic fluid (AF) and allantoic fluid (ALF) of the 
near-term pregnant ewe (n = 3) during and after maternal administration of ethanol. Other de- 


notations are described in the legend to Fig. 1. 


anol concentration was 2.185 + 0.389 mg/ml, and the 
time of occurrence ranged from 6 to 9 hours for the 
individual animals. The maximal amniotic fluid ethanol 
concentration was significantly less (p < 0.05) than the 
peak ethanol concentration in each of maternal arterial 
blood and fetal arterial blood at 5 hours. There was a 
slow decline in amniotic fluid ethanol concentration 
during the 10- to 24-hour interval, consisting of an 
apparent linear phase and a terminal curvilinear phase. 
Throughout the elimination phase the amniotic fluid 
ethanol concentration was significantly greater (p < 
0.05) than the maternal arterial blood and fetal arterial 
blood ethanol concentrations. 

The mean ethanol concentration—time curves for al- 
lantoic fluid and amniotic fluid of three pregnant ewes 
are presented in Fig. 4. The allantoic fluid and amniotic 
fuid ethanol concentration—time curves were similar 
throughout the 24-hour study, which indicated that 
there was free exchange of ethanol between the two 
fluid sacs. The maximal ethanol concentration in allan- 
toic fluid was 2.693 + 0.301 mg/ml and occurred 
during the 5- to 9-hour interval for the individual ani- 
mals. The maximal amniotic fluid ethanol concentra- 
tion was 2.554 + 0.212 mg/ml, and the time of occur- 
rence ranged from 6 to 8 hours. For these three ewes 
the maximal ethanol concentration in maternal arte- 
rial blood and fetal arterial blood was 2.873 + 0.365 
mg/ml and 2.846 + 0.462 mg/ml, respectively, and oc- 
curred at 5 hours. 

The ethanol concentration—time curves for maternal 
arterial blood, fetal arterial blood, amniotic fluid, and 


allantoic fluid indicated that the ethanol concentrations 
in these biologic fluids decreased in parallel during the 
elimination phase (Figs. 2 to 4). The mean ethanol 
elimination rate values for maternal arterial blood, fetal 
arterial blood, and amniotic fluid of the seven pregnant 
ewes were 0.133 + 0.017 mg: ml-'- hr’, 0.134 + 
0.016 mg: ml-!- hr=!, and 0.145 + 0.021 mg: ml”: 
hr7!, respectively, and these data were not statistically 
different. The mean ethanol elimination rate for allan- 
toic fluid, determined in three ewes, was 0.153 + 0.017 
mg : ml-!- hr~?, which was similar to the amniotic fluid 
ethanol elimination rate of 0.153 + 0.027 mg: ml": 
hr-! for these animals. There was no significant 
difference between the maximum velocity (0.141 + 
0.020 mg - ml~! - hr~') and the ethanol elimination rate 
(0.133 + 0.017 mg- ml~'- hr~'), determined from the 
maternal arterial blood ethanol concentration data of 
the seven ewes. 

Ethanol-derived acetaldehyde was measurable in ma- 
ternal arterial blood, fetal arterial blood, amniotic 
fluid, and allantoic fluid. The mean acetaldehyde 
concentration—time curves for maternal arterial blood, 
fetal arterial blood, and amniotic fluid of four pregnant 
ewes are presented in Fig. 5. The acetaldehyde con- 
centrations were about a thousandfold less than the 
respective ethanol concentrations (Figs. 2 and 3) and 
were variable among animals, as indicated by the SD 
values. For each biologic fluid the acetaldehyde and 
ethanol concentration—time curves were not parallel. 
The maternal arterial blood acetaldehyde concentra- 
tion was significantly greater (p < 0.05) than each of 
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Fig. 5. Acetaldehyde concentration—time curves for maternal arterial blood (MAB), fetal arterial 
blood (FAB), and amniotic fluid (AF) of the near-term pregnant ewe (n = 4) during and after 
maternal administration of ethanol. Other denotations are described in the legend to Fig. 1. 


the fetal arterial blood and amniotic fluid acetaldehyde 
concentrations during the 0.5- to 13-hour interval of 
the study. 


Comment 


The pharmacokinetics of acute, multiple-dose etha- 
nol in the near-term pregnant ewe can be described by 
a four-compartment open model as shown in Fig. 6, 
consisting of maternal, fetal, amniotic fluid, and allan- 
toic fluid compartments.* The data of the present study 
have established the unimpeded bidirectional placental 
transfer of ethanol between the maternal and fetal com- 
partments and the free exchange of ethanol between 
the amniotic fluid and allantoic fluid compartments via 
diffusion across the amniotic and allantoic membranes. 
It is postulated that ethanol is distributed into the al- 
lantoic fluid and amniotic fluid via diffusion across the 
decidua and fetal membranes (chorion, allantois, and 
amnion) from the maternal circulation and/or across 
the fetal membranes from the fetal circulation. Fetal 
urinary excretion of ethanol also may occur into the 
amniotic fluid via the urethra and into the allantoic fluid 
via the urachus in view of the fact that in the near-term 
pregnant ewe, the major source of fluid in the amniotic 
and allantoic sacs is fetal urine.” Elimination of ethanol 
from the allantoic fluid and amniotic fluid may occur 


*One of the anatomic differences between the fetal lamb 
and the human fetus involves the intrauterine environment. 
Both the human fetus and the ovine fetus are located within 
the amniotic sac. In the case of the fetal lamb, however, there 
also is the allantoic sac that surrounds the amniotic sac. 


via diffusion across membranes into the fetal and/or 
maternal circulation and by fetal swallowing of amniotic 
fluid and subsequent absorption of ethanol from the 
gastrointestinal tract into the fetal circulation. The am- 
niotic fluid and allantoic fluid may serve as a reservoir 
for ethanol in utero as indicated by the higher ethanol 
concentrations in these fluids compared with maternal 
arterial blood and fetal arterial blood during the elim- 
ination phase. The similar Michaelis constant (ethanol) 
values for in vivo biotransformation of ethanol in the 
maternal compartment and for adult mammalian liver 
alcohol dehydrogenase and the superimposing ma- 
ternal arterial blood and fetal arterial blood eth- 
anol concentration—time curves indicate that alcohol 
dehydrogenase—catalyzed biotransformation of etha- 
nol in the ewe is primarily involved in regulating the 
elimination of ethanol from the maternal-fetal unit. 
The similar ethanol elimination rate data for maternal 
arterial blood, fetal arterial blood, amniotic fluid, and 
allantoic fluid indicate that maternal hepatic biotrans- 
formation of ethanol ultimately regulates the elimina- 
tion of ethanol from the amniotic fluid and allantoic 
fluid. — 

The rapid unimpeded bidirectional placental trans- 
fer of ethanol between the maternal and fetal com- 
partments observed in this study is at variance with the 
data of an investigation in the anesthetized pregnant 
monkey, which demonstrated impaired placental trans- 
fer of ethanol resulting in fetal umbilical venous blood 
ethanol concentration that was about one third of the 
maternal uterine arterial blood ethanol concentration 
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and postulated (—-—) pharmacokinetic processes are presented in the model. 


during the 1.5-hour study.® In the latter study, 3 gm 
ethanol/kg maternal body weight was administered by 
maternal intravenous bolus injection over 1 to 2 min- 
utes, which resulted in transient collapse of the umbil- 
ical vasculature and fetal hypoxia and acidosis. These 
results must be interpreted with caution, since the eth- 
anol dosage regimen does not mimic any human al- 
cohol drinking pattern and would have resulted in toxic 
maternal blood ethanol concentration immediately af- 
ter bolus injection. It is noteworthy that the results of 
the present study are consistent with the pharmacoki- 
netic data in the near-term pregnant guinea pig that 
received oral administration of four dosages of 1 gm 
ethanol/kg maternal body weight over 3 hours, in which 
the maternal blood and fetal blood ethanol concentra- 
tions were similar during the 26-hour study.” 

The proximate ethanol metabolite, acetaldehyde, was 
measurable in maternal arterial blood, fetal arterial 
blood, amniotic fluid, and allantoic fluid at concentra- 
tions that were at least a thousandfold lower than the 
respective ethanol concentrations. In maternal arterial 
blood the lower acetaldehyde concentration compared 
with the ethanol concentration indicates that only a 
small amount of acetaldehyde is not oxidized by ma- 
ternal hepatic aldehyde dehydrogenase, the enzyme 
primarily involved in the biotransformation of acetal- 
dehyde to acetate. It would appear that the maternal 
hepatic aldehyde dehydrogenase activity is sufficient to 


oxidize most of the ethanol-derived acetaldehyde over 
a wide ethanol concentration range, as the maternal 
arterial blood acetaldehyde and ethanol concentration— 
time curves were not parallel. The presence of acetal- 
dehyde in fetal arterial blood may be due primarily to 
transfer of this ethanol metabolite from the maternal 
circulation, as the fetal liver had <10% of the alcohol 
dehydrogenase activity that was present in the maternal 
liver for the oxidation of ethanol to acetaldehyde." 
The lower acetaldehyde concentration in fetal arterial 
blood compared with maternal arterial blood indicates 
that there is acetaldehyde-oxidizing capacity in the 
maternal-fetal unit in addition to that in the maternal 
liver, which could regulate the amount of this metab- 
olite distributed from the mother into the fetal systemic 
circulation. In this regard, it has been observed in the 
near-term pregnant guinea pig that aldehyde dehy- 
drogenase was present in the fetal liver with activity 
similar to that in the maternal liver.” If this is also the 
case for the near-term pregnant ewe, most of the acet- 
aldehyde transferred across the placenta could be ox- 
idized by fetal liver aldehyde dehydrogenase. 

In summary, the data of this study indicate that for 
maternal administration of acute, multiple-dose etha- 
nol during near-term pregnancy that would mimic a 
binge-type drinking episode, there is unimpeded bi- 
directional placental transfer of ethanol between the 
mother and the fetus; the amniotic fluid surrounding 
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the fetus is a reservoir for ethanol in utero ; elimination 
of ethanol from the maternal-fetal unit including the 
amniotic fluid is regulated by maternal hepatic bio- 
transformation of ethanol catalyzed by alcohol dehy- 
drogenase; and there is appreciable acetaldehyde- 
oxidizing capacity in the maternal liver and at extra- 
hepatic sites. We have demonstrated in our laboratory 
that the pharmacokinetics of ethanol and its proximate 
metabolite, acetaldehyde, during near-term pregnancy 
are similar for administration to the mother of acute 
low-dose’ and high-dose ethanol regimens. The effect 
of repeated, daily administration of ethanol on the 
pharmacokinetics of ethanol and acetaldehyde in the 
maternal-fetal unit remains to be determined. | 
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Paper speed in electronic fetal heart 
rate monitoring 


To the Editors: 

I feel that comment is necessary regarding a letter 
by Dr. Robert C. Goodlin, entitled “Electronic fetal 
monitoring as seen through the looking glass” (AM J 
OssTET GYNECOL 1987;155:454-5). He describes the 
fetal heart rate recording in his Fig. 1 as “not worri- 
some enough for a scalp pH.” At first glance, I would 
agree, but what disturbs me is that, on closer obser- 
vation, this tracing is obtained at a speed of 2 rather 
than 3 cm/min. I believe that if this tracing were ob- 
tained at a speed of 3 cm/min a sinusoidal pattern 
with little or no short-term variability would be seen. 
There was no response to scalp:stimulation. All of this 
would be an ominous pattern, especially if there was 
no response to intrauterine resuscitative efforts. It 
would be interesting to see more of the preceding 
strip. 

I am under the impression that 3 cm/min is the “stan- 
dard” speed to use in electronic monitoring as the 
slower speeds tend to give artificial short-term vari- 
ability and also to mask other subtle changes, for in- 
stance, subtle late decelerations. 

I practice in a small, rural level 1 hospital with no 
capability for scalp pH determination and I rely exclu- 
sively on pattern interpretation with special emphasis 
on the presence or absence of short-term variability and 
on fetal response to scalp stimulation if the occasion 
arises. a 

I would like to hear from others regarding this par- 
ticular tracing and also would like their comments on 
the speed of the tracings obtained with electronic fetal 
monitoring. 

John S. Floyd IH, M.D. 
Doctor's Building 
2306 Harrington Street 
Newberry, South Carolina 29108 


Reply 
To the Editors: 

Dr. Floyd’s letter reinforced one of my impressions 
about fetal heart rate tracings, to wit, that given an 
asphyxiated newborn infant, someone will declare its 
fetal heart rate tracing abnormal, regardless of the pat- 
tern. I would agree with most any interpretation of this 
tracing except that it was sinusoidal. | 

For years I proposed a monitor speed of 1 cm/min 
(as used in Europe) as a measure to reduce paper cost 
and storage problems. I have worked with paper speeds 
varying from 0.5 to 50 cm/min and believe that they 
can all be used successfully. In my opinion, there is no 
magic in any particular paper speed. 

As noted in the legend to Fig. 1 of my letter, the fetal 
heart rate recording was that immediately before the 
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scalp sample was obtained. While the recording was less 
than perfect (it was noisy), there did appear to be an 
acceleration with or immediately after the first scalp 
sample. The subsequent scalp samples were not asso- 
ciated with a reassuring fetal heart rate pattern. 

I am skeptical that the fetal stimulation technique 
will solve Dr. Floyd’s problems. In my experience, 60% 
of fetuses with persistent late decelerations will have 
normal scalp pH values and 70% of fetuses not re- 
sponding to scalp stimulation will have no significant 
acidemia. In addition to the present case, I have re- 
viewed other records of fetal acidemia in which the 
fetus likewise appeared initially to respond to scalp 
stimulation with fetal heart rate accelerations. 

Robert C. Goodlin, M.D. 
Department cf Obstetrics and Gynecology 
School of Medicine 
University of Colorado Health Sciences Center 
4200 East Ninth Avenue 
Denver, Colerado 80262 


Screening for genetic anomalies 
To the Editors: | 

A small correction is needed in Dr. James N. Macri’s 
mathematics in his article, “Critical issues in prenatal 
maternal serum a-fetoprotein screening for genetic 
anomalies” (AM J OBSTET GYNECOL 1986;155:240-6): 
1/295 = 0.003 = 0.3%, not 0.003%. 

Newell R. Washburn, M.D. 

P. O. Box 481 
Milford, Deiaware 19963 


- Reply 
To the Editors: 

I am thankful to Dr. -Washburn for correcting the 
mathematical/typographic error in my article, “Critical 
issues in prenatal maternal serum a-fetoprotein screen- 


- ing for genetic anomalies.” I agree that it should have 


read 0.3% instead of 0.003%. 

The point made by Dr. Washburn relates to the rate 
of occurrence of neural tube defects in pregnancies in 
older women, which, in a broader context, relates 
to: (1) effective communication of maternal serum 
a-fetoprotein screening results to patients and (2) in- 
formed procreative decision making. | 

The relevance of the correction is noteworthy. In 
order to provide accurate and scientifically valid results 
in maternal serum a-fetoprotein screening, reports to 
physicians must be based on far more than 
q-fetoprotein quantitation; for example: (1) incidence 
patterns vary among a number of subgroups of gravid 
women; (2) incidence patterns and all other relevant 
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clinical factors as well as a-fetoprotein quantitative 
levels should be taken into account in computing and 
reporting prior risks and patient-specific posterior 
risks; (3) the use of multiples of the median fails to 
provide physicians and patients with information that 
is clinically relevant for making informed decisions on 
procreation. 

James N. Macri, Ph.D. 
Research Division 
Neural Tube Defect Laboratories 
383 Old Country Road 
Carle Place, New York 11514 


Criteria for interpretation of a reactive 
nonstress test 


To the Editors: 7 

The article by Erskine et al., entitled “Failure of non- 
stress test and Doppler-assessed umbilical arterial blood 
flow to detect imminent intrauterine death” (Am J OB- 
STET GYNECOL 1986;154:1109-10), déscribed a case of 
intrauterine fetal death 12 hours after a reactive non- 
stress test. The criteria for a reactive nonstress test vary 
among institutions; therefore I was pleased to see a 
portion of the actual fetal heart rate tracing included 
in the article. If one uses the generally accepted criteria 
of two accelerations of 15 bpm and of 15 seconds’ du- 
ration,’ I cannot interpret the monitor strip shown as 
reactive. The acceleration associated with the first fetal 
movement does meet the above criteria, but the three 
subsequent accelerations are of inadequate duration. It 
would be beneficial for the authors to define their cri- 
téria for a reactive nonstress test and demonstrate that 
the criteria were in fact met. 

Donald C. Willis, M.D. 

Department of Obstetrics and Gynecology 
Texas Tech University - 
Lubbock, Texas 79430 
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Reply 
To the Editors: 

The nonstress test reported in our article was reactive 
by the standard criteria. The section illustrated was 
intended to be an example of the total recording. 

ÈR. L. A. Erskine, M.B. 
J- W. K. Ritchie, M.D. 
A. Zaltz, B.Sc., M.D. 
l 2% T. Tice, R:N. 
Department of Obstetric Perinatology 
Mount Sinai Hospital 
600 University Avenue 
Toronto, Ontario, Canada M5G 1X5 
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Risk of vaginal delivery after a prior 
cesarean section 


To the Editors: 

Finley and Gibbs are to be applauded for their fine 
recent article regarding the (in)frequency of need for 
emergent interventions in womien undergoing a trial 
of labor (AM J OBSTET GYNECOL 1986;155:936-9). 
Among 1156 cases, rapid start-up time for operation 
was critical in only one patient. The authors questioned 
whether patients with a single prior low transverse ce- 
sarean section are at increased risk for intrapartum 
emergencies. 

In a limited experience I have encountered two cases 

in which an in-house operating team saved the lives of 
women who had vaginal deliveries after single, prior 
low transversé cesarean sections. Profuse vaginal bleed- 
ing and shock followed delivery with each patient. Es- 
timated blood loss within 10 minutes of delivery was 
>3000 ml in each patient, despite firm uterine con- 
traction; emergency hysterectomy was begun within 20 
minutes of delivery. Placenta accreta was the Clinical 
diagnosis in one case but was not proven histologically. 
Placenta increta was present in the other patient. 
In women of low parity, postpartum hysterectomy is 
rarely required; the most common indications are pla- 
centa accreta, percreta, increta, and hemorrhage. Ab- 
normally adherent placentas are increased in frequency 
with even a single prior cesarean section, and it may 
well be that the dominant risk of trial of labor after 
prior low transverse cesarean does not involve uterine 
scar dehiscence but placenta accreta, increta, percreta, 
and maternal exsangiunation from postpartum 
bleeding. 

The excellent safety record for trials of labor after 
cesarean section has been established in institutions 
with rapid response times for emergency intervention. 
Should vaginal delivery after cesarean section be con- 
sidered elsewhere? 

Valerian A. Catanzarite, M.D., Ph.D. 
Division of Maternal-Fetal Medicine 
Department of Obstetrics and Gynecology 
University of New Mexico Medical Center 
Albuquerque, Néw Mexico 87131 


Langerhans’ cells in the cervix 


To the Editors: l 

We were interested to read the article entitled “Quan- 
titative assessment of Langérhans’ cells in cervical intra- 
epithelial neoplasia and wart virus infection” (Am J OB- 
STET GYNECOL 1986;154:509-15), but we question 
some of their comments. | 

Our own interest in Langerhans’ cells followed their 
observation during reestablishment of cervical epithe- 
lium after laser treatment of intra-epithelial neoplasia.’ 
Initially we used adenosine triphosphatase, but more 
recently we are using a variety of techniques, including 
monoclonal antibodies (NA1/34 and major histocom- 
patibility complex class II antigens), zinc, iodide, and 
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osmium, with electron microscopy in addition to S-100. 
Different techniques show a variation in Langerhans’ 
cell numbers and distribution. Class II antigens have 
been shown to mark 60% of those Langerhans’ cells 
positive for NA 1/34 (T-6 antigén), whereas S-100 only 
marked 35%. 2 In addition McArdle and Muller have 
shown up to a 100-fold range in S-100 cells in normal 
and abnormal cervices. Thus S-100 is a poor marker 
for Langerhans’ cells, and the authors make no mention 
of other S-100—positive cells in squamous epithelium.* 
We also wonder if the authors have any data to dismiss 
the possibility of loss of S-100 positivity with storage of 
blocks up to 6 years. 

. The, reduction in Langerhans’ cells shown by 
McArdle and Muller and by Morris et al.‘ in association 
with wart virus infection may represent increased Lan- 
gerhans’ cells recirculation to lymph nodes or to a cy- 
topathic effect. Alternatively, their findings may rep- 
resent loss of antigen expression or markers from the 
Langerhans’ cells. Persistence of cells containing Bir- 
beck granules but not expressing other antigens would 
be analogous to the situation following èxposure of skin 
to ultraviolet light.2 We are thus using various tech- 
niques to investigate whether the reduction in Langer- 
hans’ cells in the cervix with human papillomavirus 
infection are real or apparent. 

R. J. 8. Hawthorn, M.B., Ch.B. 
Allan B. MacLean, M.D. 
Department of Gynaecology 

Western Infirmary 

Glasgow, G1I6NT, Scotland 
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Reply 
To the Editors: 

Drs. Hawthorn and MacLean raise several questions 
with regard to our article on Langerhans’ cells in the 
cervix. We agree with their observation that different 
techniques show a variation in Langerhans’ cell num- 
bers and distribution. In our own laboratory we have 
used adenosine triphosphatase, monoclonal antibodies 
to OKT, and HLA-DR, and electron microscopy to 
study Langerhans’ cells in skin, and we agree roughly 
with the percentages they quote. However, this dis- 
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crepancy 15 already well documented in the existing 
literature.’ l 

We chose to use antibodies to S-100 antigen for two 
reasons. First, S-100 antigen inimunoperoxidase can be 
used in paraffin sections, allowing greater histologic 
accuracy when assessing varying grades of cervical in- 
traepithelial neoplasia. Second, as Drs. Hawthorn and 
MacLean point out in their last paragraph, significant 
numbers of epidermal Langerhans’ cells persist after 
ultraviolet B-radiation, even though expression of 
adenosine triphosphatase and HLA- DR is virtually 
eliminated." Because S-100 protein.antigen is diffusely 
present in the Langerhans’ cells cytoplasm and nucleus, 
we believe zhat it would not be as susceptible to mod- 
ulation as cell membrane-associated antigens, and al- 
though it marks fewer Langerhans’ cells than other 
markers, it would be more accurate in assesSing true 
changes in Langerhans’ cell numbers in cervical epi- 
thelium. Although more recent evidence suggests that 
epithelial injury may result in increased S-100 aritigen 
expression,’ there is still no evidence for decreased 
expression as is found with the membrane-associated 
antigens. i 

Increased Langerhans cells density in cervical intra- 
epithelial neoplasia has now beeri shown by three sep- 
arate markers NAI/34,* S-100 protein,’ and a zinciod- 
idé-osmium procedure? and thus is likely to reflect a 
true increase in intraepithelial Langerhans’ cells. Sim- 
ilarly, Larigethans’ cell depletion in wart virus infection 
has been shown with both NAI/34° and S-100 protein.’ 

Although there is a problem with the use of antibody 
to S-100 artigen to assess Langerhans’ cell numbers in 
skin because of the presence of basal melanocytes (we 
have published a double-staining procedure® to over- 
come this problem), the same problem does not exist 
in cervical epithelium. Finally, although the vast ma- 
jority of the biopsies studied were done recently, we 
have found preservation of S-100 protein antigenicity 
in paraffin blocks stored up to 16 years in our labo- 
ratory. 

We would like to thank Drs. Hawthorn and MacLean 
for their ccmiments and look forward to the publication 
of their results. 

John P. McArdle, M.B. 
Department of Pathology 
University cf Tasmania 
G. P. O. Box 252C 
Hobart, Tasmania 7001 
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Morality of induced abortion and freedom 
of choice 


To the Editors: 

It was a pleasure to read the presidential address, 
“Your morality or mine? An inquiry into the ethics of 
human reproduction,” by Hill (AM J OBSTET GYNECOL 
1986; 154:1173-80), but I question the discussion of sex 
selection, “of intentionally aborting a fetus of an un- 
wanted sex,” being wrong because such a decision is 
equated with sexism. 

If a fetus may be aborted without a reason being 
required, why should a considered decision and action 
arrived at with reason be wrong? It may well be that 
an abortion is being requested because the year in which 
the pregnancy occurs a house is being bought or an 
expensive vacation has been planned, and the preg- 
nancy and the house and/or vacation cannot both be 
afforded, or the pregnancy would in some other non- 
financial manner interfere with another choice. 

Therefore, if induced abortion may be obtained with- 
out having to provide any reason, why should a reason 
that is believed to be important by the person or persons 
desiring the abortion be considered wrong? Who is im- 
posing moral standards on whom? Whose morality is 
more valid and less wrong—the aborter’s or the 
abortee’s? 

Sylvain Fribourg, M.D. 
Obstetrics and Gynecology Department 
13652 Cantara Street 
Panorama City, California 91402 


This is a personal communication and not to be construed in any way 
as being representative of Kaiser Permanente/Southern California 
Permanente Medical Group. 


Reply 
To the Editors: 

I appreciate Dr. Fribourg’s interest in my review of 
the current literature covering the ethics of human re- 
production, and I can understand his query. 

In the address I was careful to point out that there 
is still considerable doubt in the minds of many of the 
morality of “abortion on demand.” I firmly believe that 
abortion can be morally justified if it is done to ease a 
significant burden to the patient or to her family or 
society. In my mind there is still something immoral 
about an abortion because a pregnancy is “inconve- 
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nient,” and I would certainly place a higher priority on 
a pregnancy than on “an expensive vacation.” However, 
as Dr. Fribourg points out, that is my morality, and I 
would not impose it on a patient. Nevertheless, I do 
believe that it is the physician’s responsibility to discuss 
all of the implications of interrupting a pregnancy with 
the patient, taking into account her desires, beliefs, 
aims, and goals. As I stated in my presentation, the 
physician must help the patient to make a decision that 
can be lived with, and if that decision is for abortion, 
then it should be done as early and as safely as possible. 
As to the issue of sexism, I wished merely to point 
out that if one accepts the premise that sexual discrim- 
ination is wrong, then it naturally follows that abortion 
of a fetus because it is an unwanted sex is also wrong. 
Edward C. Hill, M.D. 
350 Parnassus Avenue 
Suite 300 
San Franciso, California 94117 


Increased boy-to-girl ratio in women with 
preterm labor beginning with contractions 


To the Editors: 

The letter by MacGillivray and Davey, entitled “The 
influence of fetal sex on rupture of the membranes and 
preterm labor” (AM J OBSTET GYNECOL 1985;153:814), 
demonstrated that the overall boy-to-girl ratio at deliv- 
ery before 37 weeks of gestation was higher than 
that found in the total Cape Colored population 
(Cape Town, South Africa). Furthermore, they ob- 
served a dramatic preponderance of boys over girls in 
women with spontaneous rupture of the membranes, 
but not in women with preterm labor that begins with 
contractions as compared with the sex ratio in the total 
population. They interpreted this finding as an indi- 
cation that the amniotic fluid and membranes are more 
likely to become infected in pregnancies with a male 
fetus. 

To confirm the results of MacGillivray and Davey, 
we studied the records of Japanese women admitted to 
the National Defense Medical College Hospital in 1978 
to 1985. Before 37 weeks of gestation, 216 women were 
delivered of infants, and these women were divided 
into those with boy babies and those with girl babies. 


Table I. Spontaneous preterm labor in 
Japanese women (singleton births) from 
National Defense Medical College Hospital 
records for 1978 to 1985 


Gestation 


(wk) 






24-27 6 3 9 2.00:1 
28-30 8 7 15 1.14:] 
31-33 15 14 29 1.07:1 
34-36 102 61 163 1.67:1 
Total 131 85 216 1.54:1 





216 Correspondence 


Table II. Onset of labor 










Gestation 
(wk) 


No. of No. of 
boys girls 


24-27 l 3 
28-30 6 3 
31-33 9 7 
34-36 55 29 
Total 71 42 1.69: 1 


Boy-to-girl 
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Spontaneous rupture of membranes 








Boy-to-girl 


ratio 


5 0 
2 4 
6 7 
47 32 
60 43 1.40:1 





The distribution of births by sex and the overall ratios 
of boy deliveries to girl deliveries by gestational age are 
shown in Table I. The cases were further divided into 
those with the onset of preterm labor with contractions 
and those with the onset of labor with spontaneous 
rupture of the membranes (Table II). In agreement 
with the results of MacGillivray and Davey, the overall 
boy-to-girl ratio at delivery before 37 weeks of gestation 
was 1.54: 1, which is higher than the 1.02: 1 ratio found 
in the total population of the city of Tokorozawa, where 
our hospital is located. We were able to confirm the 
association of boy babies with spontaneous rupture of 
the membranes (Table II). The finding appears to sup- 
port the postulate of MacGillivray and Davey that the 
amniotic fluid and membranes are more likely to be- 
come infected in pregnancies with a male fetus. 

In contrast to the results of MacGillivray and Davey, 
the boy-to-girl ratio was also increased in women with 
preterm labor that began with contractions. The boy- 
to-girl ratio was not significantly different in women 
with spontaneous rupture of the membranes and those 
with preterm labor that began with contractions (x? 
test). The reason for the discrepancy between the re- 
sults of MacGillivray and Davey and ours is unknown. 
The racial difference in the populations studied may 
account for It. 

In conclusion, the boy-to-girl ratio was increased in 
women with preterm labor that began with contractions 
and in those with spontaneous rupture of the mem- 
branes. Therefore factors other than rupture of the 
membranes should also be considered as possible causes 
of the increased boy-to-girl ratio in women with pre- 
term labor. 

Katsuyoshi Seki, M.D. 
Koichi Kato, M.D. 
Department of Obstetrics and Gynecology 
National Defense Medical College 
Namiki 3-2 
Tokorozawa, Saitama 359, Japan 


Amniotic fluid discoloration caused by blood 
To the Editors: 

We are delighted to see another study confirming 
our finding that blood is usually the pigment that ac- 
counts for the discoloration of amniotic fluid noted 


occasionally at midtrimester amniocentesis (Zorn EM, 
Hanson FW, Greve LC, Phelps-Sandall B, Tennant FR. 
Analysis of the significance of discolored amniotic fluid 
detected at midtrimester amniocentesis. AM J OBSTET 
GYNECOL 1986;154:1234-40). However, we wish to 
make a correction. In their introduction, Zorn et al. 
state, “Surprisingly, little investigation has been done 
into the cause of the discoloration. Various authors have 
assumed it to be blood... ,” at which point they ref- 
erence our article.’ Actually we did investigate the cause 
of the discoloration, and we did not assume the pigment 
to be blood: we demonstrated that the discoloration was 
caused by heme pigments. We believe this is an im- 
portant semantic difference. However, the study by 
Zorn et al. provides an important adjunct to our data 
through their use of sodium dodecyl sulfate—polyacryl- 
amide gel electrophoresis of the discolored amniotic 
fluid. We do not quibble with their demonstration that 
in at least a small number of samples electrophoresis 
revealed the presence of fetal gut contents rather than 
hemoglobin. We also do not quibble with their conclu- 
sion and the conclusion of Allen? that the finding of 
discolored fluid at amniocentesis may portend a slightly 
increased risk of spontaneous abortion, although in our 
study we failed to demonstrate such a risk. 

We agree also with the statements of Zorn et al. and 
of Allen (in his discussion of the article by Zorn et al.) 
that the presence of discolored amniotic fluid obtained 
at the time of midtrimester amniocentesis should be 
documented in the medical record and discussed (cau- 
tiously but optimistically) with the patient. We also rec- 
ommend strongly that such fluids be tested with a Hem- 
occult card (SmithKline Diagnostics, Inc., Sunnyvale, 
California) and that the result of this test be recorded 
in the patient’s medical record. 

Finally, we hope that these recent excellent studies 
will put to rest the archaic view that the discoloration 
of midtrimester amniotic fluid obtained during amnio- 
centesis is caused by meconium. The burning questions 
at the moment are whether the blood is of maternal or 
fetal origin and how such blood enters the amniotic 
fluid. We hope that Zorn et al., Allen, and others will 
continue to pursue these issues. 

Daniel M. Strickland, Colonel, USAF, MC 
Gary D. V. Hankins, Major, USAF, MC 
Department of Obstetrics and Gynecology 
Wilford Hell United States Air Force Medical Center 
Lackland Air Force Base, Texas 78236-5300 
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Reply 
To the Editors: 

In reading the letter by Strickland and Hankins, we 
see two areas where we disagree with their conclusions. 

First, their contention that they demonstrated the 
presence of heme pigments in all of their monitored 
discolored fluids does not seem valid. The methods that 
they used for their determinations are subject to sub- 
stanual error. The Hemoccult method is subject to 
false positives in approximately 12% of the cases 
tested.’ The spectrophotometric methods used by Han- 
kins et al? may be diagnostic when applied to pure 
compounds, but when used in conjunction with fluids 
that may contain diverse molecular entities, the possi- 
bility of misinterpretation is high. Many nonheme com- 
pounds have an absorbance spectrum similar to heme, 
for example, uroporphyrin.’ In fact, all tetrapyrroles 
where the nucleus is fully conjugated have absorbance 
maxima that could easily be concealed by the spectra 
displayed in the article by Hankins et al. 

Second, on a more practical as opposed to theoretical 
basis, we’ have shown that some discolored fluids, al- 
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though an admittedly small proportion, contain addi- 
tional pigments that are not hemoglobin. We have also 
shown that this pigment is electrophoretically identical 
to materials found in the fetal gut. This pigment un- 
doubtedly contributed to the discoloration of the sam- 
ples in which it was found. 

Therefore, we believe that the use of the word as- 
sumed in our article, in relation to the findings of Han- 
kins et al., was justified. 

L. Carl Greve, Ph.D. 
Elinor M. Zorn, M.D. 
Frederick W. Hanson, M.D. 
Departments of Pediatrics and Obstetrics and Gynecology 
University of California, Davis Medical Center 
4301 X Street 
Sacramento, Cal:fornia 95817 
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In the article by Shepard et al., entitled “Proportional weight gain and complications 
of pregnancy, labor, and delivery in healthy women of normal prepregnant stature” (AM 
J OBSTET GYNECOL 1986;155:947-54), on page 948, the third and fourth sentences of 
the fourth paragraph should have been: “The first multiple regression model was de- 
veloped to identify factors associated with proportional weight gain and to estimate the 
proportion of weight gained, while adjusting for confounding variables. Next, multiple 
logistic regression models were developed to determine which complications of preg- 
nancy, labor, and delivery were significantly associated with proportional weight gain, 
once again adjusting for confounding variables.” 
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New certifications: Subspecialty of 
Maternal-Fetal Medicine 


Date of examination: February 1987 
Place: San Francisco, California 
Number certified this examination: 54* 


Cumulative total of certificates awarded for this sub- 
specialty: 419 


Abdella, Thomas Nelson, 853 Jefferson Ave., Memphis, 
TN 38163 

Alger, Lindsay Staubus, 5902 Wilmary Lane, Balti- 
more, MD 21210 

Andersen, H. Frank, 20 Banksville Road, Armonk, NY 
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Artal, Raul, 1041 Via Nogales, Palos Verdes Estates, CA 
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land Ave., Chicago, IL 60637 
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Evans, Arthur Thompson, III, 1837 Parliament Circle, 
Carmichael, CA 95608 


*The names of two newly certified diplomates are not included in this 
listing at thetr request. 
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Farmakides, George, Winthrop-University Hosp., 259 
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Ferguson, James Edward, II, Dept. Ob/Gyn, Div. 
Maternal-Fetal Med., Stanford Univ. School Med., 
Stanford, CA 94305 

Ganesh, Vijaya Lakshmi, 5 Eccleston Ct., Montville, NJ 
07045 

Gimovsky, Martin L., 517 W. Orange Grove Ave., Si- 
erra Madre, CA 91024 

Graham, Anne Dawn Maria, Room 22-132, Ctr. Health 
Sci., UCLA School Med., Dept. Ob/Gyn, Los An- 
geles, CA 90024 

Gravett, Michael Glen, St. Luke’s Reg. Med. Ctr., 190 
E. Bannock, Boise, ID 83712 

Hankins, Gary D. V., 7601 Tippit Trail, San Antonio, 
TX 78240 

Hariharan, Seemanthini, Michael Reese Hosp., Dept. 
Ob/Gyn, Lake Shore at 31st, Kap100, Chicago, IL 
60616 

Holls, William M., III, Aultman Hosp., Dept. Ob/Gyn 
2600 Sixth St. S.W., Canton, OH 44710 

Kaufmann, Robert Charles, SIU School Med., 800 N. 
Rutledge, Dept. Ob/Gyn, Springfield, IL 62702 

Kazzi, George Massoud, 44 Belle Meade, 
Grosse Pointe Shores, MI 48236 

Main, Denise Maillet, 615 Yale Road, Bala Cynwyd, PA 
19004 

Maulik, Dev, 8720 Catalina Dr., Prairie Village, KS 
66207 

Miodovnik, Menachem, Univ. Med. Ctr., Dept. 
Ob/Gyn, 231 Bethesda Ave., ML 526, Cincinnati, OH 
45267 


Nazir, Munir Ahmad, 680 Sand Hill Road, Hershey, “ 


PA 17033 

Ott, William John, 365 West Point Ct., St. Louis, MO 
63130 

Parisi, Valerie Marie, 2702 S. Glen Haven Blvd., Hous- 
ton, TX 77025 

Peisner, David B., Cleveland Metro., Dept. Ob/Gyn, 
3395 Scranton Road, Cleveland, OH 44109 

Reed, Kathryn Louise, Univ. Arizona Health Sci. Ctr., 
Dept. Ob/Gyn, 1501 N. Campbell Ave., Tucson, AZ 
85724 

Repke, John Thomas, 10 Dulaney Gate Ct., Cockeys- 
ville, MD 21030 

Robichaux, Alfred G., III, Oschner Clinic, Dept. 
Ob/Gyn, 1514 Jefferson Hwy., New Orleans, LA 
70121 

Romero Galue, Roberto J., 222 Opening Hill Road, 
Branford, CT 06405 

Ross, Michael Glenn, 2443 25th St., Santa Monica, CA 
90405 

Sanchez-Ramos, Luis, 4239 Stourhead Lane, Jackson- 
ville, FL 32225 

Shah, Yogesh G., 45 Northfield Gate, Pittsford,. NY 
14534 

Shaver, David Corydon, 853 Jefferson Ave., Memphis, 
TN 38163 

Spinnato, Joseph Anthony, II, 2451 Fillingim St., Mas- 
tin Room 512, Mobile, AL 36617 
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Stine, Lucille Elizabeth, 2469 Euclid Hts. Blvd., Cleve- 
land Heights, OH 44106 

Tropper, Pamela J., Columbia Presbyterian, 622 W. 
168th St., Dept. Ob/Gyn, New York, NY 10032 

Valenzuela, Guillermo J., Div Perinatal Biol., Loma 
Linda Univ. Med Ctr., Loma Linda, CA 92350 

Veille, Jean-Claude Lucien, MacDonald Hosp. for 
Women, 2074 Abington Road, Cleveland, OH 
44106 

Wallace, Roger L., The Perinatal Center, 5275 F St., 
Sacramento, CA 95819 

Warsof, Steven Lester, CHKD, Room 323, Div. 
Maternal-Fetal Med., 800 W. Olney Road, Norfolk, 
VA 23507 

Watson, Dottie L., Hutzel Hosp., Dept. Ob/Gyn, 4707 
St. Antoine, Detroit, MI 48201 

Weinbaum, Paul J., 5 Cricket Lane, Worchester, MA 
01602 

Zuidema, Laura Joy, Univ. Illinois, Dept. Ob/Gyn, 840 
S. Wood St.. Chicago, IL 60612 


New certifications: Subspecialty of 
Reproductive Endocrinology 


Date of examination: February 1987 
Place: San Francisco, California 
Number certified this examination: 25 


Cumulative total of certificates awarded for this sub- 
specialty: 263 


Blackwell, Richard E., Univ. Alabama, Dept. Ob/Gyn, 
555 Old Hillman, Birmingham, AL 35294 

Brenner, Steven Hal, Dept. Ob/Gyn, Long Island Jew- 
ish Med. Ctr., New Hyde Park, NY 11042 

Collins, Robert Leon, Cleveland Clinic, Dept. Ob/Gyn, 
9500 Euclid Ave., Cleveland, OH 44106 

Damewood, Marian deMarinis, 5001 Springlake Way, 
Baltimore, MD 21212 

De Leon, Frank D., #19 Brentwood Circle, Lubbock 
TX 79416 

Dlugi, Alexander Michael, 66 Winchester St., Brook- 
line, MA 02146 

Eisenberg, Esther, Pennsylvania Hosp., Dept. Ob/Gyn, 
l| Pine E., 8th & Spruce, Philadelphia, PA 19107 

Fritz, Mare A., 611 Wilfred Ave., Dayton, OH 
45410 

Gianfortoni, Joseph Gene, 5805 Dorchester, #4C, Chi- 
cago, IL 60637 


` Hoffman, David I., Prentice 454, 333 E. Superior St., 


Chicago, IL 60611 

Jones, Kirtly Parker, Dept. Ob/Gyn, Univ. Utah Med. 
Ctr., Salt Lake City, UT 84132 

Kenigsberg, Daniel, -100 Rhododendron Road, 
Stony Brook, NY 11790 

Lewis, Vivian, University Hosp. Dept. Ob/Gyn, 840 S. 
Wood St., Chicago, IL 60612 
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Littman, Burt Allan, George Washington Univ., Dept. 
Ob/Gyn, 2150 Pennsylvania, N.W., Washington DC 
20037 

Lucas, John Albert, III, Univ. Med Ctr., Dept. Ob/Gyn, 
2500 N. State St., Jackson, MS 39216 

Maier, Donald, Univ. Connecticut Health Ctr., 263 Far- 
mington, Dept. Ob/Gyn, Farmington, CT 06032 

McRae, Mary Ann, SIU, Dept. Ob/Gyn, P. O. Box 3926, 
Springfield, IL 62708 

Padilla, Santiago Luis, 298 Ashton Wood Dr., Martinez, 
GA 30907 

Platia, Maria Pia, 5112 Elsmere Ave., Bethesda, MD 
20814 

Radwanska, Ewa, 300 N. State, #3403, Chicago, IL 
60610 

Rezai, Parto, 3200 N. Lake Shore Dr., #2005, Chicago, 
IL 60657 

Rosa-Vazquez, Cesar, 6505 Morningside, El Paso, TX 
79904 

Shapiro, Alan Isaiah, Oakland Naval Hosp., Box 3708, 
Oakland, CA 94627 

Strickland, Daniel M., 7606 Lynn Ann Lane, San An- 
tonio, TX 78240 l 

Witten, Barry I., 14219 Kinderhook Dr., Chesterfield, 
MO 63017 


New certifications: Subspecialty of 
Gynecologic Oncology 


Date of examination: February 1987 
Place: San Francisco, California 
Number certified this examination: 21* 


Cumulative total of certificates awarded for this sub- 
specialty: 315 


*The name of one newly certified diplomate is not included in this 
listing at his/her request. 
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Axelrod, Janice Harriet, St. Louis Univ., Dept. Ob/Gyn, 
1325 S. Grand Blvd., St. Louis, MO 63104 

Bell, Jeffrey G., 3555 Olentangy River Road, Colum- 
bus, OH 43214 

DeEulis, Timothy Guiney, Pennsylvania Hosp., Pine 
Bldg., 8th & Spruce, Philadelphia, PA 19107 

Dudley, Bunyan Stephens, Gynecologic Oncology, 4230 
Harding Road, Suite G14, Nashville, TN 37205 

Dudzinski, Michelle R., 2337 Purple Martin Lane, Vir- 
ginia Beach, VA 23455 

Gauthier, Philippe, 231 Kenaston Ville Mont-Royal, 
Montreal, Quebec, Canada H3R 1M3 

Hancock, Kenneth C., 8526 Modred, San Antonio, TX 
78250 

Hummel, Sherilynn J., 10215 Fernwood Road, Suite 
303, Betnesda, MD 20817 

Husseinzadeh, Nader, 1142 Cryer Ave., Cincinnati, OH 
45208 

Killackey, Maureen A., St. Luke’s-Roosevelt Hosp., 428 
W. 59th St., New York, NY 10019 

Macfee, Michael Scott, MacDonald Hosp. for Women, 
2105 Adelbert Road, Cleveland, OH 44106 

Malfetano, John H., Albany Medical College, Dept. 
Ob/Gyn, M-809, Albany, NY 12208 

Manetta, Alberto, 843 Kiehl Dr., Lemoyne, PA 17043 

Niloff, Jonathan Mitchell, 110 Francis St., Boston, MA 
02215 

Podczaski, Edward, M. S. Hershey Med. Ctr., Dept. 
Ob/Gyn, P. O. Box 850, Hershey, PA 17033 

Rettenmaier, Mark A., Univ. California Irvine Med 
Ctr., 101 City Dr., Bldg #22, Orange, CA 92668 

Smith, Ellen Blair, 1111 W. 34th St., Suite 305, Austin, 
TX 78705 

Teng, Nelson N. H., Dept. Ob/Gyn, Stanford Univ. 
School Med., Stanford, CA 94305 

Welander, Charles Eric, Bowman Gray, Dept. Ob/Gyn, 
300 S. Hawthorne Road, Winston-Salem, NC 27103 

Wheelock, John B., 131 Watersedge Dr., 
Ocean Springs, MS 39564 
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Books received 


Adolescent Abortion: Psychological and Legal Issues. 
Edited by Gary B. Melton. 152 pages. Lincoln, 
Nebraska, 1986, The University of Nebraska 
Press. $17.50. 

An Introduction to Fetal Physiology. Frederick C. Bat- 
taglia and Giacomo Meschia. 257 pages, illus- 
trated. Orlando, 1986, Academic Press, Inc. 
$45.00. 

Anesthesia for Obstetrics. Second Edition. Sol M. Shni- 
der and Gershon Levinson. 566 pages, illus- 
trated. Baltimore, 1987, The Williams & Wil- 
kins Company. $65.95. 

Atlas of Fetal Sectional Anatomy. G. Isaacson, M. C. 
Mintz, and E. S. Crelin. 184 pages, illustrated. 
New York, 1986, Springer-Verlag, $89.00. 

Atlas of Ultrasonographic Artifacts & Variants. Roger 
C. Sanders. 156 pages, illustrated. Chicago, 
1986, Year Book Medical Publishers. No price 
listed. 

A Classified Bibliography of Controlled Trials in Peri- 
natal Medicine 1940-1984. Prepared by the 
National Perinatal Epidemiology Unit, Ox- 
ford, United Kingdom, with the support of 
the World Health Organization. 414 pages. 
New York, 1985, Oxford University Press. No 
price listed. 

Brought to Bed. Child-Bearing in America, 1750- 
1950. Judith Walzer Leavitt. 284 pages. New 
York, 1986, Oxford University Press. $21.95. 

Drug and Chemical Action in Pregnancy. Edited by 
Sergio Fabro and Anthony R. Scialli. 524 
pages, illustrated. New York, 1986, Marcel 
Dekker, Inc. $89.75. 

Drug Therapy in Obstetrics and Gynecology. William 
F. Rayburn and Frederick P. Zuspan. 513 
pages, illustrated. Norwalk, Connecticut, 
1986, Appleton-Century-Crofts. No price 
listed. 

Drug Use in Pregnancy: Mother and Child. Ira J. 
Chasnoff. 163 pages. Lancaster, England, 
1986, MTP Press Limited. No price listed. 

Extrauterine Pregnancy. Edited by Alvin Langer and 
Leslie Iffy. 351 pages, illustrated. Littleton, 
Massachusetts, 1986, PSG Publishing Com- 
pany, Inc. $35.00. 

Handbook for Prescribing Medications During Preg- 
nancy. Second Edition. Richard L. Berkowitz, 
Donald R. Coustan, and Tara K. Mochizuki. 
406 pages. Boston, 1986, Little Brown & Com- 
pany. No price listed (soft cover). 

Health Education for Women. Vivian M. Littlefield. 
752 pages, illustrated. East Norwalk, Con- 
necticut, 1986, Appleton-Century-Crofts. 
$36.95. 


Health Risks. Elliott J. Howard with Susan A. Roth. 
246 pages. Tucson, 1986, The Body Press. 
$19.95. 

Heart Disease and Pregnancy. Second Edition. James 
Metcalfe, John H. McAnulty, and Kent Ue- 
land. 432 pages, illustrated. Boston, 1986, Lit- 
tle, Brown & Company. $70.00. 

The Human Placenta: Clinical Perspectives. J. Patrick 
Lavery. 288 pages. Rockville, Maryland, 1987, 
Aspen Publishers. No price listed. 

Introduction to Radiological Physics and Radiation 
Dosimetry. Frank Herbert Attix. 607 pages, 
illustrated. New York, 1986, John Wiley & 
Sons, Inc. $54.95. 

Pathology of the Vulva and Vagina. Volume 9, Con- 
temporary Issues in Surgical Pathology. Ed- 
ited by Edward J. Wilkinson. New York, 1986, 
Churchill Livingstone, Inc. $55.00. 

PMS: A Positive Program to Gain Control. Stephanie 
DeGraff Bender and Kathleen Kelleher. 245 
pages. Tucson, 1986, The Body Press. $7.95 
(soft cover). 

Pregnancy for Older Women. Phyllis Kernoff Mans- 
field. 240 pages. New York, 1986, Praeger 
Publishers. $35.00. 

Quantitative Obstetrical Ultrasonography. Russell L. 
Deter, Ronald B. Harrist, Jason C. Birnholz, 
and Frank P. Hadlock. 377 pages, illustrated. 
New York, 1986, John Wiley & Sons. $45.00. 

Steroid Hormone Resistance: Mechanisms and Clin- 
ical Aspects. Edited by George P. Chrousos, 
D. Lynn Loriaux, and Mortimer B. Lipsett. 
439 pages. New York, 1986, Plenum Press. 
$69.50. 

Transsexualism and Sex Reassignment. Edited by Wil- 

liam A. W. Walters and Michael W. Ross. 191 
pages, illustrated. New York, 1986, Oxford 
University Press. $27.95. 

When a Baby Dies: A Handbook for Healing and 
Helping. Rana K. Limbo and Sara Rich 
Wheeler. 150 pages. La Crosse, Wisconsin, 
1986, La Crosse Lutheran Hospital. No price 
listed (soft cover). 

1986 Yearbook of Obstetrics and Gynecology. Roy M. 
Pitkin and Frank J. Zlatnik. 539 pages, illus- 
trated. Chicago, 1986, Year Book Medical 
Publishers. No price listed. 
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Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. All an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee must 
accompany the request to publish. Information will be limited to title of 
meeting, date, place, and an address to obtain further information. Send 
announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C. V. Mosby Company, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146. 


Specialty Review in Neonatology/Perinatology, Au- 


gust 24-28, 1987, Chicago, Illinois. Sponsored 
by Cook County Graduate School of Medicine. 
For additional information, contact the Regis- 
trar’s Office. Toll-free number: Illinois 1 (800) 
621-4649; outside Illinois | (800) 621-4651. 


The American Board of Laser Surgery announces its 


2nd Certifying Examination on Saturday, Oc- 
tober 10, 1987, at the University of California 
Medical Center, San Francisco, California. 
Candidates may obtain information and ap- 
plications from the President of the Board, 
Stanley Stellar, M.D., St. Barnabas Medical 
Center, Livingston, NJ 07039, or the Assistant 
to the President, Mary Cayton, R.N., 3201 
So. 16th St., Suite 2006, Milwaukee, WI 53215. 


Three Postgraduate Gynecology Courses: Advances 


in Gynecologic Oncology, September 12-14, 
1987; Advances in Gynecology, September 15- 
17, 1987; Reproductive Endocrinology, Sep- 
tember 18-21, 1987; Massachusetts General 
Hospital, Boston, Massachusetts. For infor- 
mation contact: Harvard Medical School, De- 
partment of Continuing Education, 25 Shat- 
tuck St., Boston, MA 02115. 


International Symposium on First Trimester Genetic 
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Diagnosis and Therapy: Current Status and 
Future Prospects, September 17-19, 1987, 
Hilton Hotel and Towers, Chicago, Illinois. 
Sponsored by the Medical and Reproductive 
Genetics Section, Eugene Pergament, Direc- 
tor, Department of Obstetrics and Gynecology, 
Illinois Masonic Department of Obstetrics and 
Gynecology. For information contact: Janet 
Dalzell, Illinois Masonic Medical Center, 836 


West Wellington St., Chicago, IL 60657. Tel.: 


- (312) 883-7045. 
First Congress of the International Society of Gy- 


necological Endocrinology, Crans-Montana, 
Switzerland, March 6-12, 1988. For infor- 
mation contact the Scientific Secretariat/ 
Organization: A. Volpe, F. Facchinetti, 
C. Nappi, or F. Petraglia at the Department of 
Obstetrics and Gynecology, University of 
Modena, Via del Pozzo, 71-41100 Modena, 
Italy. Tel.: (39) (59) 360224-360255-379515- 
379512. 


Specialty Review in Obstetrics and Gynecology: Prac- 


tical Aspects, October 4-10, 1987, Chicago, Il- 
linois. Sponsored by The Cook County Grad- 
uate School of Medicine. For additional infor- 
mation contact the Registrar’s Office. Toll-free 
number: Illinois 1(300) 621-4649; outside Il- 
linois 1(800) 621-4651. 


Hysteroscopy Workshop: Fundamentals and New Ad- 


vancements, November 20-21, 1987, Ambas- 
sacor West Hotel, 1300 North State Parkway, 
Chicago, IL 60611. For information contact: 
The Office of Continuing Medical Education, 
Northwestern University Medical School, 301 
E. Chicago Ave., Chicago, IL 60611. Tel.: 
(312) 908-8533. 


Perinatal Medicine 1987: Emergencies in the Mother, 


Fetus and Neonate, October 8-9, 1987, Amer- 
ican Dental Association Auditorium, 211 E. 
Chicago Ave., Chicago, IL 60611. For infor- 
mation contact: The Office of Continuing 
Medical Education, Northwestern University 
Medical School, 301 E. Chicago Ave., Chicago, 
IL 60611. Tel.: (312) 908-8533. 
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COLUMBIA UNIVERSITY H 9 
The College of Physicians & Surgeons 


The Department of Obstetrics G Gynecology of the College of Physicians & Surgeons and The Presbyterian Hospital 
27th ANNUAL REVIEW COURSE IN OBSTETRICS AND GYNECOLOGY 
October 26 through 30, 1987 
(Monday-Friday ) 
at the St. Regis-Sheraton Hotel, New York, New York 


36 Credit Hours, Category 1, A.M.A.’s Physician’s Recognition Award; 36 Cognates by American College of 
Obstetricians & Gynecologists; and 36 Elective Credits from the American Academy of Family Physicians. 
FEE $775 (residents $470 ); includes syllabus, luncheons, and refreshments | 
Conference Director: EDWARD T. BOWE, M.D. 
MORTIMER G. ROSEN, M.D., associates, and the following guest lecturers: 
HUGH R.K. BARBER, M.D. ` MILTON H. GOLDRATH, M.D. WALTER E. JONES, M.D. 
ROBERT C. CEFALO, M.D. ROBERT B. JAFFE, M.D. BYRON J. MASTERSON, M.D. 
Survey of the major clinical and pathological problems pertaining to the female reproductive system. The new format is designed for 
practicing clinicians and for candidates for the Board Examinations. Emphasis is placed on the diagnosis and management of obstetrical 
and gynecological disorders, including infertility, endocrine problems, malignant diseases, and updates of the common everyday 
problems of clinical management. The course is divided as follows: maternal-fetal medicine, gynecology and gynecological surgery, 
gynecological oncology, reproductive endocrinology including infertility, diagnostic techniques such as advanced pelvic and vaginal 
ultrasound, laparoscopic and hysteroscopic techniques, and laser therapy. The Third Annual Raymond L. Vande Wiele Memorial 
Lecture will be presented by Robert B. Jaffe, M.D., on Thursday, October 29, at 1:15 p.m. 


Contact: Center for Continuing Education, 630 West 168th Street, N.Y., N.Y. 10032; telephone (212) 305-3682. 





Medical Genetics Medical Staff Fellowship 
The Interinstitute Medical Genetics Program 
National Institutes of Health 


The Interinstitute Medica! Genetics Program of As a medical staff fellow you will receive an 
the National Institutes of Health offers fellowships initial salary of $30,000, with increments of $2,000 
providing a comprehensive clinical and laboratory per year up to a maximum of $34,000. Moving, travel 


experience in medical genetics. The fellowships be- expenses and Federal health care benefits are avail- 
gin July, 1989 and are offered for two years. Applica- able. Interested candidates should submit their cur- 
tions are invited from individuals of the highest. riculum vitae to or request further information from: 


caliber with the M.D. or M.D.-Ph.D. degree who have 
completed at least two years of postgraduate clinical The Fellowship Program 
training and who are seriously interested in pursuing ` 9000 Rockville Pike 

careers in academic medicine and research. Clinical Building 10, Room 2N-220 
training involves inpatient and outpatient services at National Institutes of Health 
the NIH 480-bed research and teaching hospital, Public Health Service 
which, with collaborating medical facilities, provides Bethesda, MD 20892 


a broad exposure to clinical genetics, diagnosis and Telephone: (301) 496-2427 
counseling, cytogenetics, biochemical and cancer | a 
genetics, and prenatal diagnosis. Exceptional re- Deadline for applications is November 13, 1987. 
search opportunities exist in the institutes’ multi- . pL INS 
ple laboratories. The program staff includes ) ç 2 NIH is an er 
scientists and physicians of international stature. , 3 ad m Opportunity 
On = Employer 
HEA 
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OBSTETRICIAN/ 
GYNECOLOGIST 


Board eligible or certified general obstetri- 
cian/gynecologist to practice at university 
medical school affiliated hospital in nearby 
Hamilton, NY and engage in private practice. 
The community is an excellent environmental 
and intellectual setting and serves as the 
home for Colgate University. A medical col- 


lege appointment at SUNY Health Sciences 
Center, Syracuse will be offered. 


Salary guaranteed for the first year at 
$130,000 with other additional benefits. 


Please submit curriculum vitae: 
Michael S. Baggish, M.D. 
Professor and Chairman 

736 Irving Avenue 
Suite 308, West Tower 
Syracuse, New York 13210 





DIRECTOR 
JOHNS HOPKINS PROGRAM FOR INTERNATIONAL 
EDUCATION IN GYNECOLOGY AND OBSTETRICS 
(JHPIEGO) 

The Johns Hopkins University seeks Medical Educator to serve in Balti- 
more as Director of JHPIEGO, a federally funded program to improve the 
health of women and children in developing countries through better 
reproductive health care. The Director is responsible to the President of 
JHPIEGO for developing and adininistering a program of international 
initiatives in medical education and in the diffusion of reproductive heaith 
technology for physicians, nurses and other health professionals in these 
countries. Director must have thorough understanding of reproductive 
health issues, contraception, STD/AIDS, infertility, reproductive risk and 
other conditions and strategies affecting health of reproductive aged 

women and the survival of their children. 

Position requires: 

— Provision of programmatic and managerial leadership to an organiza- 
tion of approximately 45 professional and support personnel; 

—Sensitivity to health conditions in developing countries. 

—Ability to assess needs, stimulate, and negotiate agreements with top 
governmental and university officials to address these needs; 

-—Skills in developing, implementing, and evaluating educational models 
and technologies for a variety of health providers, medical and nursing 
schools; 

—Provision of technical consultative assistance for inclusion of repro- 
ductive health into primary health care systems; 

—Advocacy through design of conferences, seminars and workshops; 

—Management of a multi-million dollar program involving overseas 
agreements; 

—Solicitation of donor support from governmental and non- 
governmental sources; and 

—Considerable travel. 


Applicant should be a physician with credentials to qualify for a faculty 
position and the stature and experience in developing countries to influ- 
ence the adoption of suitable reproductive health policies and practices. 
Experience in administering a government grant or contract is desirable. 


Applications should be forwarded before August 1, 1987 to Ms. Charlotte 
G. Ellis, Secretary, Search Committee, JHPIEGO, 550 N. Broadway. 
Room 612, Baltimore, Maryland 21205. 






















CURRENT TRENDS AND NEW 
HORIZONS IN WOMEN’S HEALTH 


Westin South Coast Plaza Hotel 
Costa Mesa (Orange County), California 
SEPTEMBER 23, 1987 
One day Seminar 


Faculty includes Dr. Edward Hon, Dr. Louis Gluck, 
Dr. Michael Linzey, Dr. Benito Villanueva, Dr. John 
Melnyck, Dr. Don Murphy, and Dr. William Keel. 


This program is sponsored by Fountain Valley Re- 
gional Hospital and Medical Center and is ap- 
proved for 7 hours of Category | credit in Continuing 
Medical Education. 


For Further information and registration, Please 
contact the Department of Education 714/966- 
8168. 


Fountain Valley 
Regional Hospital 





17100 Euclid at Warner ° P.O. Box 8010 
Fountain Valley, California 92708-8010 


Maternal-Fetal 
Medicine 


Board certified/eligible PERINATOLOGISTS required 
for large volume obstetric services (3,000-6,000 
deliveries per year). 


Opportunities exist both to join and create high risk 
obstetric services. The Southern California Permanente 
Medical Group has some openings for exclusive 
perinatal practice. However, not all areas have the 
volume of high risk patients to offer such exclusive prac- 
tice. Perinatologists who wish to perform other aspects 
of obstetric and gynecologic practice may do so. Univer- 
sity affiliations and clinical research is encouraged. 


Excellent benefits are offered including liability coverage; 
medical and cental coverage, vacation and sick leave, 
continuing education and retirement program. Partner- 
ship consideration available after two years full time 
employment. 


Please write, including your curriculum vitae and three 
professional references to: 





WZ KAISER PERMANENTE 
SOUTHERN CALIFORNIA 

) () PERMANENTE MEDICAL GROUP 

William G. McCormick, M.D. 


Physician Recruitment 
Dept. 41G1 

Walnut Center 

Pasadena, CA 91188-8854 
(714)829-5365 


Equal Opportunity Employer M/F/H 


and Medical Center 
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OBSTETRICIANS 


WOMEN’S HEALTHCARE & WELLNESS CENTER 
$80,000/YEAR plus INCENTIVE PLAN 


ABOUT YOU: 


You are board certified or board eligible having recently com- 
pleted your training at one of the nation's top teaching institu- 
tions. You are a special person willing to spend time with your 
patients and provide quality care. You are willing to live in the 
highly desirable community that you will serve. 


ABOUT THE POSITION: 


You will work with a highly qualified team of predominantly 
female physicians. You will work in a brand new facility, the 
second of its kind in our successful system, providing a full 
array of medical specialties designed for today’s woman at all 
stages of her life. You will have an opportunity to teach in a 
community hospital setting and in one of the nation’s most 
prestigious tertiary care facilities. 


ABOUT US: 


We are continuing to expand and serve emerging healthcare 
needs in new markets. We are known for attracting quality 
physicians and developing innovative programs that are suc- 
cessful. We are a not-for-profit, acute care, teaching hospital 
located in a suburban area within minutes from the heart of 
Chicago. In addition to a lucrative compensation plan with 
incentives, we offer 4 weeks paid vacation. You and your col- 
leagues will be supported by one of the nation’s leading mar- 
keting organizations. 


















if you are interested in an exciting opportunity in one of 
America’s most culturally stimulating cities, send your C.V. to: 


P0. Box 3514 
Oak Brook, IL 60522-3514 







MICHAEL REESE HOSPITAL 

AND MEDICAL CENTER 

DIVISION OF MATERNAL-FETAL MEDICINE 
FACULTY POSITION AVAILABLE 


An opening is available for a 3rd Staff Perinatologist to 
join our existing Maternal-Fetal Medicine Division. 
Michael Reese Hospital is a level III Perinatal Center 
referral hospital, delivering approximately 3400 
patients/year including an extraordinary high risk patient 
base. Clinical activities include High Risk Clinics, An- 
tenatal Diagnostic Unit, as well as Housestaff and Stu- 
dent Education Programs. In addition, a superlative ani- 


mal research facility is available on campus providing 
applicants ample opportunity for either clinical or basic 
research. Salary is competitive and academic rank at the 
Pritzker School of Medicine of the University of Chicago 
is commensurate with the applicant’s experience and 
academic credentials. 


Interested applicants should contact: 

Mark Phillippe, MD, Division Chief 

or 

Antonio Scommegna, MD, Chairman 
Department of Obstetrics and Gynecology 
Michael Reese Hospital and Medical Center 
Lake Shore Drive at 31st Street 

Chicago, Illinois 60616 


An Equal Opportunity Employer 





DEPARTMENT OF OBSTETRICS & 
GYNECOLOGY 
MATERNAL-FETAL MEDICINE SECTION 
MEDICAL COLLEGE OF GEORGIA 
AUGUSTA, GA 30912 


Applications are invited from qualified candidates for two 
faculty positions in the Maternal-Fetal Medicine Section of 
the Department of Obstetrics and Gynecology at the Med- 
ical College of Georgia. 


1. Clinical perinatologist: Applicant should be board 
eligilbe or certified in Maternal-Fetal Medicine, with 
an interest in high risk obstetrics and clinical or basic 
research in perinatology. Duties include medical 
student, resident and fellow education and provision 
of tertiary level care. The applicant should qualify as 
an assistant or associate professor. 

2. Clinical obstetrician: Applicant should be board eli- 
gible or certified by the American Board of Obstet- 
rics and Gynecology, with special interest in regional 
health care delivery systems and epidemiology. 
Duties include supervision of obstetrical care within 
a perinatal outreach system involving a board geo- 
graphic region of the state. The applicant should 
qualify as an assistant professor. 

Address all inquiries to: 
Lawrence D. Devoe, MD 
Medical College cf Georgia 
Department of Obstetrics & Gynecology 
Maternal-Fetal Medicine Section 
Augusta, Georgia 30912 


The Medical College of Georgia is an equal opportunity 
employer 





FULL TIME GYN ONCOLOGIST 
DEPARTMENT OF OB/GYN 
MOUNT SINAI MEDICAL CENTER OF 
GREATER MIAMI 


Excellent opportunity for BE/BC GYO. 
Hospital-based position affiliated with the Uni- 
versity of Miami. 









Opportunity for research and teaching. Posi- 
tion immediately available. Must be eligible for 
or have Florida license. 






If interested, please send Curriculum Vitae or 
contact: 





Arthur G. Shapiro, M.D. 
Chairman 
Department Ob/Gyn 
Mount Sinai Medical Center 
4300 Alton Road 
Miami Beach, Florida 33140 
Telephone No. (305) 674-2833 
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@VAWAW A LARGE HOSPITAL-BASED HMO 


tified/Eligible Obstetrician/Gynecologists. 
- THIS POSITION entails both outpatient and 


i 7 | 
Michael Reese Health Plan 


has ‘openings for the following full-time 
position: y | 


Obstetrician 
Gynecologist 


THE MICHAEL REESE HEALTH PLAN, 
a well-established and rapidly-expanding, 
federally-qualified HMO seeks Board Cer- 


hospital practice as well as medical students 
and house staff teaching. J i 


REMUNERATION is high and competitive 
with academic and fee-for-service practice 
markets. Fringe benefits are generous. 


INTERESTED APPLICANTS should send 
Curriculum Vitae in confidence to: 
Dr. Stephen Contro, Medical Director, 
MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King Drive, — 
Chicago 60616 


an equal opportunity employer mi/f/h u 









FACULTY OPENINGS 


The Department of Obstetrics and Gynecol- 


ogy of Nassau County Medical Center, a 
major teaching affiliate of SUNY-Stony Brook, 
has positions for additional faculty in the fol- 
lowing areas: i 
1. Maternal-Fetal Medicine 
2. Reproductive Endocrinology 
3. Ambulatory Gynecology (Ambulatory 
Gynecology, Family Planning, Ambulat- 
ory Surgery) 
4. Gynecology Oncology. 
Applicants must be certified, or qualified for 
certification, in their sub-specialty, and have 


~ academic credentials appropriate to their 


levels cf experience. 
Write, including C.V., to: 
|. John Davies, M.D. 
Professor and Chairman 
Dept. of Obstetrics and Gynecology 
© Nassau County Medical Center 
2201 Hempstead Turnpike 
= East Meadow, N.Y. 11554. 
AN EQUAL OPPORTUNITY EMPLOYER . 


Director of Obstetrics 
and Gynecology 
Allen Pavillion ` 


The Allen Pavillion is a community hospital 
affiliate of The Columbia-Presbyterian Medical - 
Center. The Department of OBS/GYN is 
seeking a Director for our service at the new 
community hospital, which is scheduled to 
open. in 1988. 


This is a 300 bed hospital with 24 obstetrical 
beds and 12 gynecological beds. This posi- 


MATERNAL/ . 
FETAL MEDICINE 


OB/GYN PERINATOLOGIST, board certified 
or eligible, for large perinatal center in San 
Francisco: Large volume high-risk obstetric 
service; includes referral consultation; over 
3,000 deliveries/year; Genetic Amniocentesis 
program; 4 year residency program in Ob/ 
Gyn; 16 staff obstetricians in large multispe- 
cialty.group; excellent opportunity for clinical 
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practice and research; academic appointment 
available. Excellent starting salary and fringe 
benefits. : 


Send inquiry and C.V. to: 


Ira Golditch, M.D. 
Chief, Department of Ob-Gyn 
Kaiser Permanente Medical Center 
2200 O'Farrell Street 
San Francisco, CA 94115 


or call (415) 929-4845 






tion is a superb opportunity for an experienced 
Clinician with some administrative background. 


Please respond in writing with curriculum 
vitae to: Dr. Mortimer Rosen, Professor and 
Chairman, Department of Obstetrics and 
Gynecology, Columbia-Presbyterian Medical 
Center, 630 West 168th Street, New York, NY 


- 10032. An affirmative action/equal opportunity 


employer m/f. . | 


The Presbyterian i 
£ Hospital 


OBSTETRICIAN/ 
GYNECOLOGIST 


An immediate opening exists for two 
fully qualified, or eligible, Obstetri- 
cian/Gynecologist in a fully accredited 
220 bed acute care hospital. This re- 
gional hospital is located in northern 
Nova Scotia serving a referral base of 
90,000. Area provides excellent 
schools, and year round recreational 
and sports facilities. In hospital office 
space available with full access to pa- 
tient records. 


Please submit application with three 
references to: 


Administrator 
Aberdeen Hospital 
835 East River Road 
NEW GLASGOW, Nova Scotia 
B2H 3S6 


OB/GYN 


The perfect opportunity for a pair of obste- 
tricians/Gynecologists to enjoy the bene- 
fits of joining a 165 physician multi-spe- 
cialty group practice and of practicing ina 
Small primary care group setting. Growing 
university town setting in Central Illinois 
offers pleasant mid-size community envi- 
ronment. Join this thriving 6 physician 
primary care branch and meet immediate 
needs. Liberal fringe benefits and salary 
lead to equal ownership in overall organi- 
zation. Malpractice coverage provided 
through Clinic’s self-insurance policy. 
Send CV and letter of interest to Head- 
Ob/Gyn Department, Carle Clinic, 602 
West University Avenue; Urbana, IL 
61801. 


BETH ISRAEL HOSPITAL, 
BOSTON 
an affiliate of HARVARD MEDICAL 
SCHOOL 
is seeking 
THREE 
PERINATOLOGISTS . 
to join our expanding DIVISION OF 
MATERNAL-FETAL MEDICINE 


WE ARE LOOKING FOR ENERGETIC CON- 
FIDENT CLINICIAN-ACADEMICIANS, who 
are either BOARD ELIGIBLE OR BOARD 
CERTIFIED IN MATERNAL-FETAL MEDI- 
CINE, WHO ALSO POSSESS SKILLS IN 
GENETIC COUNSELING, ULTRASONOG- 
RAPHY (DIAGNOSTIC AND INVASIVE) OR 
CHORIONIC VILLUS SAMPLING. 


Beth Israel Hospital is an affirmative action/ 
equal opportunity employer. Interested candi- 
dates should send letter of interest and cur- 
riculum vitae to: David B. Acker, M.D. Depart- 


ment of Obstetrics and Gynecology, Beth Is- - 


rael Hospital, 330 Brookline Avenue, Boston, 
MA 02215. 


CHIEF OF GYNECOLOGY 


to head department serving 216 bed 


community hospital in Baltimore. Board 
certification required with administrative 
experience preferred. Position includes 
active practice of gynecology and respon- 
sibility for quality assurance standards 
and for overall supervision of the clinical 
work of the department. 


Reply PO. Box Gyn 1381, Baltimore, MD 


21203. 





43A 


OB/GYN 


Our 102 bed community hospital is seeking a 

Board Eligible/Certified, U.S. Trained, 

OB/GYN (male/female) to establish practice | 
within our community in 1988. Hospital offers 

an attractive incentive program and excellent 

facilities. 


Position offers professional coverage pro- 
vided by 3 existing OB/GYN’s as well as addi- 
tional physician specialties including active 
Pediatrics staff. 


Community of 50,000 population located 
within 15 minutes of major metropolitan area, 
which offers educational, cultural and sporting 
activities. 


Please forward letter of introduction and C.V. 
to: 
Robert C. Boardman 
Executive Director 
Rockville General Hospital 
31 Union Street 
Rockville, CT 06066 
(203) 872-0501 


Obstetrics/ 


Gynecologist 


Worcester City Hospital, a major affiliate of the 
University of Massachusetts Medical Center, is 
currently seeking a Board Certified/Eligible 
OB/Gynecologist to establish a busy practice, with 
wide referral base and a busy Outpatient Clinic. 
Excellent hospital facilities and benefits. 


Please send Curriculum Vitae and references to: 
Thomas E. Cummings, Administrator, Worcester 
City Hospital, 26 Queen Street, Worcester, MA 


An Affiliate of 
HCA - Hospital 
Corporation of 
America. 

An Equal 
Opportunity/ 
Affirmative 

Action 


CITY HOSPITAL —— 
Caring i out Gadon, 





DIRECTOR HUMAN REPRODUCTION CENTER 
SANTA BARBARA COTTAGE HOSPITAL 


Santa Barbara Cottage Hospital, a 400 plus bed teaching 
facility, and the largest hospital between Los Angeles 
and San Francisco, is seeking an individual to develop, 
implement, and direct the program for the Human 
Reproduction Center for the Department of Obstetrics 
& Gynecology. Responsibilities will encompass the full 
spectrum of human reproduction including InVitro 
Fertilization. Research opportunities are also available. 
Applicants must be board certified or eligible as 
determined by the American Board of Obstetrics & 
gynecology. 


_ Santa Barbara, a beautiful coastal community, is 
centered at the heart of Southern California’s South 
Coast. 


Interested applicants should send curriculum vitae or 
inquire to: 


Duncan Turner, M.D. Santa 
Chairman Barbara 
Department of Cbstetrics & Gynecology Cottage 
Santa Barbara Cottage Hospital Hospital 
Pueblo & Bath Sts. 
Santa Barbara, CA 93105 
(805) 569-7290 









PERSONALIZED 
LIBRARY CASES 


Protect Your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder's board 
covered in a rich simulated leather, each is designed to 
hold an entire year's issues. The Journal name is 

stamped in gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
des or any location in your home or office. 


Onlu $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A.). U.S. funds only. 


To charge your order usine American Express, Visa, 
MasterCard or Diners Cub, call toll-free: 
1-800-972-5858. 

















































Please send me library cases for 


AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 
at $7.95 each: 3 for $21.95; ó for $39.95, and $1 per unit 
postage and handling ($2.50 per unlit outside the U.S.A.). 


Name 
(please print legibly or type) 


(ro P.O. boxes. please) Jesse Jones Industries 


Address 
City/State/Zip 499 East Erie Avenue 
Philadelphia, PA 19134 


PA residents add 6% sales Lax Department Code: Mosby 
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OBSTETRICS AND GYNECOLOGY REVIE’ 
honoring Robert Scully, M.D. | 
* Any Six Days — December 1-9, 1987 — Chicago 
Now, your only BOARD REVIEW just before Oral Exams — 
is also an excellent update for surgeons and preview for Written Ex 


OBJECTIVES 


e Increase basic knowledge in obstetrics and gynecology 
è Improve clinical skills in diagnosis and treatment 

è Assist residents and fellows in organizing study 

è Prepare board candidates to pass board examinations 
e Provide practicing surgeons with a review and update 


* Dec. 1-6 (live); Dec. 7-9 (Video replay of Dec. 1-3). Any consecutive six days will complete program. 





“The faculty was outstanding. The most pleasant thing was learning a tremendous amount, not 
only from world-famous authorities but from people who are relatively unknown as well.”* 


PATHOLOGY 

Vulva 

_ Vagina 

c= » Cervix 
Endometrium 
Myometrium 
Ovary 
Placenta 


BASIC SCIENCES 


Anatomy 
Embryology 
Genetics 
Physiology 
Pharmacology 
Biochemistry 
Legal Problems 


CLINICAL SCIENCES 


Limited Enrollment: OB—GYN REVIEW REGISTRATION 


+: 
j ween sees sees sees eee 


Anesthesiology 
Clinical Laboratory 
Endocrinology 
Infectious Disease 
Psychology 
Radiology 
Radiotherapy 


Name 
Address — 
City/State/Zip 





Phone — —————— — — — —— 


(home) 


M ail today ÍO: OB-GYN Review Course 


[] Check enclosed for $ 


ALÀ 








METHODS 
e HOME STUDY 


OBSTETRICS 
Pregnancy 
Labor 
Delivery 
Puerperium 
Abortion 
Fetal Development 
Neonatology 


GYNECOLOGY 
Pelvic Relaxation 
Menstruation 
Contraception 
Infertility 
Endometriosis 
Sexuality & Rape 
Pediatric Gynecology 


ONCOLOGY 
Epidemiology 
Chemotherapy 
Vulva & Vagina 
Cervix 
‘Uterus 
Ovary 
Trophoblast 








(office) j 


1094 Dawn Lane 
Terre Haute, IN 47802 
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a 
Į 
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based on previous examinations 
e SEMINAR with projection slides and syllabus 
e LABORATORY with microscopic slides 
e PRACTICE EXAMS with oral and written parts 


“Accommodations were comfortable...”* 


LOCATION: The review course will be hek 
the Chicago area immediately before the board e; 
in order to save you travel time and expense. 
meeting will be held at the best combinatio! 
luxury accommodations and bargain rates. Our 
perience proves that patient negotiation gives 
best value for our participants. Our previous’ 
grams at Hyatts have been at or below $62 s 
and $84 double. Please wait for instructions bt 
buying travel tickets. n 




































MATERIALS with questions and an 


LS 
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“and those little extras...” * ` 


{ 






LOWEST AIR FARES AND HOTEL: 
one-call travel and hotel reservations call u 
232-0345 ‘or toll-free (800) 538-6342 and idet 
yourself as a participant in the OB-GYN Re, 
Course. We have negotiated group discount air 
with American Airlines below super saver rates. . 


“the most education for the money.”* 


FEES AND C.M.E. CREDITS: 

e C.M.E. Credit: 60 hours 

è Residents and Fellows: $420 

e Practicing Surgeons: $630 

e Repeating course first time within 3 years: $3: 

è Repeating course other times within 3 years: 3: 

e Add 10% to any payment after October 31, 19 

ə Attendees not staying in course hotel add $87 

è Fees include no room or meals. s 

e $50.00 will reserve your position. 

e Most home study materials will be mailed 
half of registration fee is received. 

e Additional materials will be sent after compl 
of home study assignment. 








“The home study material was extremely h 
to me.”* 


CANCELLATIONS: Refunds, subject t 
charge, will be made until the seminar begins. = 
e Cancellations after mailing most home | 
material will require retention of % of the fee. 


“the course was remarkably complet 
pleasant.’* r 


INFORMATION: 

Joseph H. Selliken, Jr., M.D. . 
OBSTETRICS & GYNECOLOGY REVIE 
1094 Dawn Lane, Terre Haute, Indiana 4781 

(812) 299-5658 ' 


*Comments by participants of our previous Cour. 




















































































































MADEMARY — 


A 


rethindrone/ethinyl estradiol i 
ih white tablet contains 0.5 mg norethindrone and 0.035 mg ethiny! estradiol. Each ight peach tablet contains 0 75mg 
indrone and 0.035 mg ethinyl estradiot. Each peach tablet contains 1 mg norethindrone and 0.035 mg ethinyl 
diol. Each green tablet in 28-day regimen contains inert ingredients 


DATANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information provided with the 
tt and therelore should not be used as the basis for prescri the product. This summary was prepared by 
ing trom the complete prescribing information certain text, tables, and references. The physician should be 
ghty familiar with the complete prescribing information betore prescribing the product 


ONS AND USAGE: PREVENTION OF PREGNANCY 
-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a posilive 
Deiation between the dose of estrogens in oral contraceptives and the nsk of thromboembolism, For this reason, it is 
dent and in keeping with good principles of therapeutcs to minimize exposure to estrogen The ora! contraceptive 
bduct prescribed for any given patient should be that product which contains the least amount of estrogen that i$ 
patible with an acceptable pregnancy rate and pabent acceptance. It is recommended that new acceptors of oral 
traceptives be started on preparations containing 05 mg or less of estrogen 
AINDICATIONS: Ora! contraceptives should mot be used in women with any of the following conditions 1 

pmbophiebitis or thramboembolic disorders. 2 A past history of deep vein thrombophietstis or thromboembolic 
orders. 3, Cerebral vascular or coronary artery disease 4 Known of suspected carcinoma of the breast 5 Known or 
spected estrogen-cependent neoplasia. 6. Undiagnosed. abnormal genital bleeding 7 Oral contraceptive tablets may 
fetal harm when administered to a pregnant woman Oral contraceptive tablets are contraindicated in women who 

nant. if the patient becomes pregnant while taking this drug, the patent should be apprised of the potential hazard 
the fetus (see WARNINGS. No. 5). & Benign or malignant liver tumor which developed dunng the use of ora 
bntraceptives or other estrogen-containing products 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contraceptive use. This risk 
——— ) and is quite marked in women over 35 
— giaranna ots —— str advised not lo smoke. 

use of oral contraceptives is ted with increased risk of several serious conditions including 
thromboembolism, stroke, myocardial infarction. hepatic adenoma, gallbladder disease, —2 Practi- 
tioners prescribing oral contraceptives should be !amiliar with the following information relating to these risks. 


THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic anc 
ombotic disease associated with the use of oral contraceptives is well established Four principal studies in Grea! 
and three in the United States have demonstrated an increased risk of fata! and nonfatal venous thromboembolism 
d stroke, both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 11 times 
ore likely than nonusers to develop these diseases without evident cause Overall excess mortality due to pulmonary 
bolism or stroke is on the order of 10 to 35 deaths annually per 100,000 users and increases with age 
REBROVASCULAR DISORDERS: In a collaborative Amencan study of cerebrovascular disorders in women with anc 
hout predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2 0 times greater in users than in 
Sers and the risk of thrombotic stroke was 4.0 to 9 5 times greater in users than in nonusers. A prospective study 
bnducted in Great Britain estimated that former users Nave ansk for all cerebrovascular disease 2 6 times greater than 
tof nonusers. This tisk remained elevated for at least six years after last oral contraceptive use A prospective study 
londucted in the United States found that past use of oral contraceptives was associated with increased nSk of 
ubarachnoid hemorrhage. the relative risk being 5.3. There was also some evidence trom this study that the degree ofris 
be related to duration of oral contraceptive use MYOCARDIAL INFARCTION: An increased tisk of myocardial 
archon associated with the use of oral contraceptives has been reported confirming a previously suspected 
Association. These studies, conducted in the United Kingdom. found. as expected, that the greater the number of 
nderlying nsk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolema, Obesity 
abetes, history of preeciamptic toxemia), the higher the risk of developing myocardial infarction, regardless of whether 
patient was an oral contraceptive user or not Oral contraceptives, however, were found to be a clear additional risk 
tor The annua! excess case rate (increased risk) of myocardial intarction (fata) and nonfatal) in ora! contraceptive 
sers was estimated to be approximately 7 cases per 100.000 women users in the 30-39 age group and 67 cases per 
10,000 women users in the 40-44 age group in terms of relative risk. it Nas been estimated that oral contraceptive users 
ho do not smoke (smoking is considered a major predisposing condition to Myocardial infarction) are about twice as 
ely to have a fatal myocardial infarction as nonusers who do not smoke Oral contraceptive users who are atso smokers 
ave abou! a 5-fold increased resk of fatal infarction compared to users who do nol smoke. bul about a 10- to 12 fold 
creased risk Compared to nonusers who do not smoke Furthermore, the amount of smoking 1s also an important factor, 
Getermimng the importance of these relative msks, however. the baseline rates for various age groups Must be given 
nous Consideration The importance of other predisposing conditions mentioned above in determining relative and 
bsolute risks has not as yet been quantified, it 1s quite likely that the same Synergistic action exists, Dut perhaps to a 
sser extent A study suggests thal some increased msk of myocardial intarchon in oral contraceptive users persists 
ollowing discontinuation of oral contraceptives and that the Gegree of the residual risk ıs related to the duration of the 
bast use. Risk of Dose: in an analysis of data derived trom several national adverse reaction reporting systems. British 
pstigators conciuded that the risk of thromboembolism including coranary thrombosis ts directly related to the dose o! 
+ Koger used in oral contraceptives. Preparations containing 100 meg or more of estrogen were associated with a Migher 
of thromboembolism than those contamwng 50-80 mcg of estrogen Ther analysis did suggest. however, that the 
Quantity of estrogen may not be the sole factor involved. Ths finding has been confirmed in the United States Careful 
pidemiviogica! studies to determine the degree of thromboembolic risk associated with progestogen-onty oral 
ontraceptives have nol been performed Cases of thromboembolic disease have been reported in women using these 
products, anc they should not be presumed to be free of excess nesk The nsk of thromboembolic and thrombotic 
orders. in both users and nonusers of oral contraceptives, increases with age Ora! contraceptives are. however, an 
dependent rsk factor for these events ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: 4 large 
prospective study carried out in the United Kingdom estimated the mortality rate per 100.000 women per year trom 
diseases of the circulatory system for users and nonusers of oral contraceptives according to age, smoking hadits, and 
T duration of use The overall excess death rate annually trom cwculatory diseases for oral contraceptive users was 
estimated to be 20 per 100.000 (ages 15-34—5/100.000; ages 35-44—33/ 100,000. ages 45-49— 140/100 000), the risk 
being concentrated in older women, in those with a long duration of use, and if cigarette smokers. It was Not possible 
however, to examine the interrelationships of age. smoking, and duration of use, nor 10 compare the effects of continuous 
Versus intermittent use. Although the study showed a 10-foid increase im death due to circulatory diseases in users for 
ive Of More years, all of these deaths occurred in women 35 or older. Unt! larger numbers of women under 35 with 
Ontinuous use for five or More years are available it 1s not possible to assess the magnitude of the relative risk for this 
Dünger age group This study reports that the increased risk of circulatory disease mortality may persest after the pill is 
scontinued Another study published af the same tme confirms a previously reported increase of mortaiity in pill users 
Cardiovascular disease The study concluded that the mortality associated with all methods of birth control is low 
j below that associatec with childbirth, with the exception of ora! contraceptives in women over 40 who smoke (The 
S given for pill only/smokers for each age group are for smokers as a class For heavy smokers sry than 15 
garettes a day]. the rates given would be about double: for ‘light’ smokers [less than 15 cigarettes a day], about 50 
recent) The mortality associated with ora! contraceptive use in nonsmokers over 40 is higher than with any other 
pthod of contraception in that age group. The lowest mortality is associated with the condom or diaphragm backed up 
early abortion. The nsk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
be after approximately age 30 and. for myocardial infarction, is further increased by hypertension. hypercholesterol 
ja, obesity, diabetes or history of preeciamptic toxemia and especially by cagarette smoking The risk of myocardial 
Afarclion in oral contraceptive users is substantially increased in women age 40 and over, especially those with other nisk 
tors The physician and the patent should be alert to the earliest manifestations of thramboembohc and thrombotic 
Sorders (eg. thrombophlebitis. pulmonary embolism, cerebrovascular insufficency, coronary occlusion, retina! 
Wrombosis, and mesentenc thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
diately. A four- to sur-foid increased risk of postsurgery thromboembolic comphcations has been reported in oral 
bntraceptive users, If feasible, oral contraceptives should be discontinued at least four weeks before surgery of a type 
Ssociated with an increased risk of thromboembolism or prolonged immobilization. 2 OCULAR LESIONS There have 
reports of neuro-ocular lesions such as optic neuritis of retinal thrombosis associated with the use of oral 
traceptives. Discontinue oral contraceptive medication if there s unexplained, sudden or gradual, partial of complete 
eS of vision. onset of proptosis or diplopia. papiliedema. or retinal vascular lessons and institute appropriate Gagnostic 
d therapeutic measures 3. CARCINOMA. Long-term continuous adimunistration of either natural or synthetic estrogen 
pertain anima! species increases the frequency of carcinoma of the breast, cervix. vagina, and liver Certain synthetic 
togens, none currently Contained in oral contraceptives, have beer noted to increase the incidence of mammary 
bdules, benign and malignant, in dogs. in humans. three case contro! studies have reported an increased nisk of 
dometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women One 
publication reported on the first 21 cases submitted by physicians to a registry of Cases of adenocarcinoma of the 
sndometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing risk factors 
for adenocarcinoma of the endometrium (eg. irregular bleeding at the time oral contraceptives were first given 
polycystic ovanes), nearly all occurred m women who had used a Sequential oral contraceptive These products are no 
onger marketed No evidence has been reported suggesting an increased msk of endometrial cancer in users of 
= conventional combination or progestogen-only oral contraceptives. Several stucees have found no increases in breast 
pCancer in women taking oral Contraceptives or estrogens One study, however, while also noting No overall increased risk 
‘of breast cancer in women treated with oral contraceptives, found an excess risk in the subgroups of ora! contraceptive 
users with documented benign breast disease A reduced occurrence of bemgn breast tumors in users of oral 
contraceptives has Keen well-documented in summary, there cs at present no confirmed evidence from human studies of 
an increased nsh of cancer associated with oral contraceptives Close clinical Surveillance of all women taking oral 
contraceptives is, nevertheless, essential in all cases of undiagnosed persistent or recurrent abnormal vaginal Dieeding, 
appropriate diagnostic measures should be taken to rule out malignancy Women with a strong family history of breast 
Cancer or who Nave breast nodules. fibrocyste disease or abnormal mammograms should be Monitored with particular 
care if they elect to use oral contraceptives instead of other methods of contraception. 4. HEPATIC TUMORS. Benign 
hepatic adenomas have deen found to be associated with the use of oral contraceptives One study showed that ora! 
contraceptive formulations with high hormonal potency were associated with a higher risk than lower potency 
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formulations and use of oral contraceptives with ugh hormonal potency and age over 30 years may further mcreage the 
woman § nsk of hepatocellular adenoma Although benign, hepatic adenomas may rupture and may Cause death through 
intra-abdominal hemorrhage This has been reported wn short-term as well as long term users of orai contraceptives Two 
studies relate risk with duration of use of the contraceptive. the risk being much greater after four or more years of ori 
contraceptive use. While hepahe adenoma is a rare lesion, it Should be conssdered in women presenting abdominal pain 
and tenderness, abdominal mass or shock Cases of hepatocellular carcinoma, although fare, have been reported in 
women taking oral contraceptives. Retrospective studies conducted in the United States and Britain repat 1an increased 
risk of hepatocellular carcinoma in ora! contraceptive users. particularly with increased durabon of use 5 USE IN OR 
IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN OFFSPRING. AND MALIGNANCY IN FEMALE OFFSPRING 
The use of female sex hormones—both estrogenic and progestational agents—dcuting early pregnancy may seriously 
damage the offspring It has been shown that females exposed in ulero to diethyistiibestrol, a nonsteroidal estrogen. Nave 
an increased isk of developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk 
has been estimated to be on the order of 1 to gin 1000 exposures Although there 5 no evidence at the present time that 
oral contraceptives further enhance the sk of developing this type of malignancy, such patents should be monitored 
with particular care :t they elect to use ora! contraceptives instead of other methods of contraception Furthermore, a mgr 
percentage of such exposed women (from 30 to 90%) have heen found to have epithebal changes of the vagina and cervix 
Although these changes are Mstologically benign, it is not known whether this Condon i a precursor of vagina 
malignancy. Male children so exposed may develop abnormalities of the urogenital tract Although simular data are not 
available with the use of other estrogens. it cannot be presumed that they would not induce simia changes An increased 
tisk of congenital anomalies. mctuding heart defects and limb detects. has been reported with the use of sex hormones 
meluding oral contraceptives, in pregnancy One case control study has estimated a 47-fold increase in risk of 
limb-reduction defects in intants exposed in utero to sex hormones (oral contraceptives, NOrmMonal withdt awal tests for 
pregnancy of attempted treatment for threatened abortion) Some of these exposures were very short and involved onlya 
few days of treatment The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than 
one in 1000 live births. In the past. femaie sex hormones have been used during pregnancy in an attempt to treat 
threatened or hatktual abortion There is considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well-controlied studies that progestogens are effective for these uses There 1s some evidence 
that triploidy and possrbly other types of polyploidy are increased among abortuses from women who become pregnant 
soon after ceasing oral contraceptives Embryos with these anomalies are virtually always aborted spontaneously 
Whether there «6 an overall increase im spontaneous abortion of pregnancies conceived soon after Stopping ora! 
contraceptives 1s unknown, Itis racommended that for any patent who has missed two consecutive periocs. pregnancy 
should be ruled out before continuing the contraceptive regimen if the patient has not adhered to the prescribed schedule 
the possibility of pregnancy should be considered at the time of the first missed period (or atter 45 days from the last 
menstrual penod if the progestogen-only oral contraceptives are used). and further use of oral contraceptives should be 
withheld until pregnancy has been ruled ou! If pregnancy is confirmed, the patent should Se apprised of the potential 
nsks to the fetus and the advisability of continuation of the pregnancy should be discussed in the ight of these risks. Itis 
also recommended that women who discontinue oral Contraceptives with the intent of becoming pregnant use ar 
alternate form of contraception for a penod of ume before attempting to conceive Many climcans recommend three 
months although no precise information is available on which to base this recommendation The admwnstrabon of 
progestogen-only of progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of 
pragnancy 6 GALLBLAODER D:SEASE Studies report an increased sk o! surgically contirmed gallbladder disease in 
users of oral contraceptives anc estrogens in one study, an increased ngk appeared after two years of use and doubied 
after four of tive years of use In-one of the otter studies, an increased nisi was apparent between sa and twelve months 
of use 7 CARBOHYDRATE AND LIPID METABOLIC EFFECTS A decrease in glucose tolerance has been observed in è 
significant percentage of patents on oral contraceptives, For ths reason, preciabete and diabetic patents should be 
carefully observed while rececving oral contraceptives. An increase in tnglycendes and totai phospholipids has beer 
observed in patients receiving oral contraceptives. The clenycal significance of this finding remains to be defined 8 
ELEVATED BLOOD PRESSURE An increase in blood pressure has been reported in patients recenving ora! contraceptives 
in some women hypertension may occur within afew months of beginneng oral contraceptive use in the first year of use 
the prevalence of women with hypertension is low in users and may Be no higher than that of a comparabie group o! 
nonusers The prevalence in users increases, however, with longer exposure and in the fifth year of use is two and a half to 
three times the reported prevalence in the first year Age is also strongly correlated with the development of hypertension 
in oral Contraceptive users. Women who prewousty have had hypetienseon during pregnancy may De more likely ! 
develop elevation of blood pressure when given oral contraceptives Hypertension that develops as a result of taking ora 
contraceptives usually returns to normal after discontinuing the drug 9 HEADACHE The onset or exacerbation of 
mugraine or development of headache of a new pattern whieh is recurrent, persistent, or severe, requires drscontinuatian 
of oral contraceptives and evaluation of the cause 10 BLEEDING IRREGULARITIES Breakthrough bleeding. spotting, anc 
amenorrhea are frequent reasons for patents discontinuing oral contraceptives. In breakthrough bleeding. as N all Cases 
of regular bleeding from the vagina. nonfunctional causes should be borne in mend In undiagnosed persistent or 
recurrent abnormal bieeding from the vagina, adequate diagnostic Measures are indicated to rule out pregnancy oF 
malignancy It pathology has been excluded, time or a change to another formulation may solve the problem Changing to 
an oral contraceptive with a hegher estrogen content. while potentially useful in minimizing menstrual itrequiarity, should 
be done only if necessary Since this may increase the risk of thromboembolic disease. Women with a past history of 
olgomenotrhea of secondary amenorrhea or young women without regular cycles may Nave a tendency 10 remain 
anovulatory of to become a’nenorrheic after discontinuation of oral contraceptives Women with these preexisting 
problems should be advised of this possibility and encouraged to use other contraceptive methods Postuse anovulahon 
possibly prolonged, may also occur in women without previous ireguiarties. 11 ECTOPIC PREGNANCY Ectopic as weil 
as intrauterine pregnancy May occur in contraceptive failures 12 BREAST FEEDING Oral contraceptives given in the 
postpartum period may interfere with lactation, There may be a decrease in the quantity and quality of the breast mute 
Furthermore, a gmail traction of the hormonal agents in ora! contraceptives has been mented in the mila of mothers 
receiving these drugs. The e*fects. if any, on the breast-fed child nave not been determined it feasible. the use of ora 
contraceptives should be deterred until the intant has been weaned PRECAUTIONS: General: | A complete medical and 
tamily history should be taken prot to the initiation of oral contraceptives The pretreatment and penodic physica 
examinations should include special reference to blood pressure. breasts. abdomen and pelvic organs. including 
Papanicolaou smear and relevant laboratory tests. As a general rule. oral contraceptives should nol be prescribed tor 
longer than one year without another physica! examination being performed 2 Under the influence of estrogen-proges 
togen preparations, preexisting uterine lesomyornata may increase in size. 3 Patients with a festory of psychic depresson 
should be carefully observed and the drug discontinued if depression recurs to a serous degree Patents becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt! to determine whether the symptom is drug-related 4 Oral contraceptives may cause some 
degree of thud retention They should be prescribed with caution. and only with careful momtoring. in pahents with 
conditions which might be aggravated by fluid retention, such as convulsive disorders. migrame syndrome, asthma, or 
cardiac or renal insufficrency. 5 Patents with a past history of jaundice during pregnancy have an increased rsk ol 
fecurrence of jaundice while receiving Oral Contraceptive therapy. I! jaundice develops in any patent receving Such drugs 
the medication should be discontinued 6 Steroid hormones may be poorly metabolized in patents with impaired liver 
function and should be administered with caution in such patents 7 Orai contraceptive users may have disturbances in 
normal tryptophan metabousm which may tesull in a relative pyndoxmne deficiency The clinical sgmticance of this 1s ye! 
to be determined. 8 Serum folate levels may be depressed by oral contraceptive therapy Since the pregnant woman is 
predisposed 10 the development of folate defimency and the incidence of folate defimency increases with increasing 
gestation, i ıs possible that if a woman becomes pregnant shortly after stopping oral contraceptives. she may have a 
reater chance o! developing folate deficiency and complications attributed to thes ceticency INFORMATION FOR THE 
ATIENT: (See Patient Package Insert), DRUG INTERACTIONS: Reduced efficacy and increased incidence of 
breakthrough bleeding have been associated with concomitant use of rifampin. A similar assocation has been suggested 
with barbiturates. phenylbutazone, phenytoin sodium, ampicillin, griseofulvin, and tetracycline DRUG, LABOR TORY 
TEST INTERACTIONS: The pathologist should be advised of oral contraceptive therapy when relevant specimens are 
submitted Certain endocrine and liver function tests and biood components may be affected by estrogen- containing oral 
contraceptrves a increased sulfobromophthalemn retention b increased prothrombin and tactors Vil, Vill, IX and X 
decreased antithramtwn 3. increased norepinephrine-induced platelet aggregability e Increased thyroid Hinding globulin 
(TBG) leading to increased circulating total thyroid hormone, as measured by protein-bound iodine (PRI). T by column. of 
14 by radioimmunoassay Free T3 resin uptake is decreased, reflecting the elevated TBG. tree T4 concentration is 
unaltered d. Decreased pregnanedio! excretion. e Reduced response to metyrapone test CARCINOGENESIS, MUTA- 
GENESIS, IMPAIRMENT OF FERTILITY, PREGNANCY, NURSING MOTHERS: See CONTRAINDICATIONS and WARNINGS 
ADVERSE REACTIONS: An increased risk of the following serious adverse reactions has been associated with the use of 
oral contraceptives (see WARNINGS) Thrombophiebits. Pulmonary embolisi. Coronary thrombosis. Cerebral throm 
bosis Cerebral hemorrhage Hypertension Gallbladder disease Lever tumors, Congemta! anornales, There is evidence of 
an association between the following conditions and the use of ora! contraceptives. although addtional confirmatory 
studies are needed Mesentenc thrombosis Neufo-ocular lesions. eg. retinal thrombosis and optic neuritis The 
following adverse reactons nave been reported in palients recewing oral contraceplves and are Deheved to be 
drug-related: Nausea anc/or vomiting, usually the most common adverse feactrons, oocur in approximately 10% or less 
of patients during the first cycle Other reactions, as a genera! rule, are Seen much less frequently or only occasionally 
Gastrointestinal symptoms (such as abdominal cramps and bloating) Breakthrough bleeding Spotting Change in 
menstrual flow Dysmenorrhea Amenorrhea curing and after treatment. Ternporary intertiity atter discontmuance of 
treaiment Edema. Crioasma or melasma which may persist Breast changes tenderness, enlargement, and secrehion 
Change in weight (increase of decrease) Change in cervical erosion and cervical secret Ossie diminution in 
lactation when given immediately postpartum. Cholestatic jaundice, Migraine. Increase in sze of ulenne eomyomata 
Rash (allergi) Menta! depression Reduced tolerance to carbohydrates. Vaginal candidiasis Change in cornea! curvature 
(steapening) intolerance to contact lenses. The following adverse reacbons have been reported in users of oral 
contraceptives, and the association has been neither confirmed nor retuted Premenstrual like syndrome Cataracts 
Changes in libido. Chorea. Changes in appetite. Cystitis-like syndrome Headache Nervousness Dizziness Hirsutism 
Loss of scalp haw Erythema multiforme Erythema nodosum Hemorrhagic eruption Vagitrs Porphyna. impaired rena 
function Hemolytic uremic syndrome OVERDOSAGE: Serious ill effects have not been reported following acute 
ingestion of large doses of oral contraceptives by young chidren Overdosage may Cause Nausea and withdrawal 
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